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This paper is a summary of a 1980 research 
itudy initialed by the Marine TedinoUigy Society 
and several U.S. government agencies io identify 
requirements for marine geodetic applications in 
wppon of national objectives in ocean science, 
engineering, and operations over the next two 
decades. The study established a broad definition 
'of marine geodesy to form a base for marine 
geodesy's several maritime applications. The 
uudy investigated the following areas: bHdiyme- 
iry. hydrography, marine gravity and geophysics, 
positioning and navigation, plate tcctonics/sca- 
floar spreading, ocean surface topography, mean 
sea level, and tsunamis. 

; Introduction 

f • Several national studies have indicated in a 
jj qualitative way that marine positioning and 
I navigation capabilities are noL satisfactory and 
1 require improvement. A quantitative analysis 
I. of the problem was, however, still lacking. To 
address the problem, the Marine Geodesy 
Committee of the Marine Technology Society 
(MTS), together with several interested feder- 
al agencies, held a planning meeting on Au- 
gust 16, 1977, to pursue the concept of a ma- 
rine geodesy study. It was attended by repre- 
sentatives of the Defense Mapping Agency 
(DMA), MTS, the National Aeronautics and 
Space Administration (NASA), the National 
Oceanic and Atmospheric Administration’s 
(NOAA) National Geodetic Survey and Office 
of Ocean Engineering, the Office of Naval 
Research (ONR), the Office of the Oceanog- 
rapher of the Navy, and the U.S. Coast 
Guard (USCG). During the course of this and 
subsequent meetings, the following definition 
of the term marine geodesy and its areas was 
established for this study [ Saxton, 1980]: 

Marine geodesy is the science which de- 
fines and establishes control points in and/ 
or op the ocean, and the shape of the 
ocean including its floor. It includes those 
maritime activities dun depend on determi- 
nation of position or accurate measure- 
ments on, tinder, and above the ocean sur- 
face. The areas covered under this interdis- 
ciplinary field, among others, include: 
bathymetry, positioning (ocean floor and 
surface), gravity, plate tectonics, seafloor 
spreading, geuidal undulation, tsunami re- 
search, mean sea level, and tidal variation. 

Study Objectives 

The following study objectives were estab- 
lished: (1) Identify requirements for applica- 
tions of marine geodesy aver the next two 
decades, (2) Identify any deficiencies in our 
current technical abilities to meet these re- 

3 u ire menu. (3) Propose areas or research and 
evejopmem (R&D) to eliminate identified 
deficiencies, (4) Evaluate the ability of ongo- 
ing programs in marine geodesy to handle 
proposed R&D efforts. (5) Produce a compre- 
hensive report for open distribution as a basis 
for program development. 

The study was conducted in three phases: 
(J) State-of-the-art papers were prepared by 
DMA, the U.S. Maritime Administration 
( . ARAD), NOAA, and USCG. Several tech- 
nical publications were submitted by NASA in 
Ueu of the state-of-the-art paper. (2) Require- 
ment statements were prepared by the study 
an ^ ^ 1C mar ' ne industry. (3) The state- 
of-the-art and requirement papers were dis- 
9 ^-day meeting held January 10- 

Study Panel 

The study panel and their areas of exper- 
tise were as follows; 

Narendra Saxena, University of Hawaii at 
Manoa, Chairman (Positioning and Naviga- 

t lniij 

Harold Black, APL/Johns Hopkins Univer- 
Instrumentation) 

Carl Bowin, Woods Hole Oceanographic 
°togy)* tl0n ^ ar * ne Grav «y- Geophysics, Ge- 

Myrl C. Hendershou, Scripps Institution of 
canography (Ocean Surface Topography, 

Sea Uvd, Tidal V,ri»uoi„> 

i eor ? e Mourad, Battelle Columbus 
L ™oratones (Economic Aspects) 
e;. ' S ' "Juny, Institute of Ocean Sciences, 
Sidney, B.C. (Tsunamis) 
i-abtan C. Polcyn, ERI M/University of 
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of Marine 

Michigan (Shallow Water Hydrography) 

Fred Noel Spiess. Scripps lnstiiution of 
Oceanography (Plate Tectonics, Seafloor 
Spreading) 

Phillip Stuics, John E. Chance Co., Lafay- 
ette, La. (Oil and Gas) 

Marie Tharp, Oceanographic Cartogra- 
pher, Piedmont, N.Y. (Bathymetry, Differen- 
tial Bathymetry (Deep Water)) 

George A. Zahn, Deep Sea Ventures. Inc. 
(Ocean Mining) 

Recommendations 

Marine. Gravity , Geophysics, and 
Geology 

It has been estimated that where GEOS-3 
altimetry is available, the accuracy of the 
gravity field in the wavelength range of about 
200 km can be determined to about 8 ntgal. 
However, to contribute significantly to knowl- 
edge of the thickness of oceanic lithosphere, 
the formation of topographic features, asth- 
enospheric convection, and compositional 
heterogeneity in the lithosphere and asthetio- 
sphere a minimum accuracy of 2 to 5 ntgal 
and resolution of 100 to 1000 km is required. 

The present solid-earth geophysical inter- 
pretation of die radar-altimeter measure- 
ments from satellites is hindered by the lack 
of detailed knowledge of the depth or the 
ocean floor over most of the Pacific and 
southern oceans. The most advanced mea- 
surement, that of the direct observation of 
the geoid, now needs the measurement of 
ocean depdt. 

To nieeL the requirements for the next two 
decades, the following recommendations are 
made: 

1. Acquire improved accuracies worldwide 
for (a) satellite orbit determinations; (b) dy- 
namic vehicle position measurements (and 
continuous); (c) radar altimeter measure- 
ments; and (d) satellite-satellite gravity mea- 
surements. 

2. Launch polar orbiting radar altimeter 
and gravity missions to improve coverage at 
high latitudes. 

3. Obtain strain measurements in oceanic 
regions by benchmark nionhotiug, by im- 
planting instrumentation on the seafloor, and 
by measurements in Deep Sea Drilling Project 
drill holes. 

4. Encourage ancillary programs for ob- 
taining high qualiLy data for bathymetry, to- 
pography, structure from seismic reflection 
and refraction, IteaL flow, magnetic field, and 
surface deformation front leveling and trian- 
gulation networks. 

5. Encourage geological studies of critical 
and poorly known regions. 

Bathymetry, Differential Bathymetry 
(Deep Ocean) 

Two potential systems of obtaining bathy- 
metric Information arc multibeam bathymet- 
ric sonar and sidescan (or side-looking) sonar. 
The former system provides quantitative in- 
formation; the laiter provides qualitative in- 
formation. 

The first nonmiliiary version of a multi- 
beam (wide swath) bathymetric sonar sys- 


tem — called SEA BEAM — has been In service 
since May 1977. Due to its angular resolution 
of 2.7°, swath width approximately equal to 
78% of the depth, and maximum operating 
depth of 11,000 m, SEA BEAM may become 
the deep-water bathymetric system, initial 
tests indicate an accuracy of ±2 m in water 
depths of 4750 m. Further testing of SEA 
BEAM is needed. 

Although sidescan sonar provides basically 
a qualitative picture, it can also measure 
depth by using an appropriate mathematical 
model, i.e„ using stereoscopic sidescan sonar 
images. Swath Map, a new sidescan sonar sys- 
tem, should be tested for accuracy of depth 
obtained from mathematical modeling nf ste- 
reoscopic sonar images. 

A precise differential bathymetric survey 
(*1 m) in the tsunamigenic earthquake area 
must be conducted for computing the tsuna- 
mi energy based on an estimation of the ele- 
vation oF the ocean bottom before and imme- 
diately after the earthquake. 

To prepare for future marine mining 
needs, mapping and sampling of economic 
areas such as manganese nodule deposits 
must be extended. 

To prepare for year-round commercial 
submarine tanker oil transport from the Arc- 
tic, under-ice bathymetry is needed over the 
routes from Pnidhoe Bay under the ice cap 
to the U.S. cast coast to provide a series of 
good quality (± 10 m) strip chans. 

Shallow-Water Hydrography 

To facilitate greater offshore exploration 
activities, improved bathymetry of rcsnrcc- 
rich coastal waters (especially the U.S. casL 
coast and Gulf of Mexico) is required. There 
have been a large number of ship groundings 
owing to depths that were shallower than 
charted. It would be desirable to have more 
precise bathymetric maps (accuracy to ±0.3 
m) prior to further leasing. 

We recommend an early evaluation of vari- 
ous shallow-water survey techniques for cov- 
erage, maximum depth, and cost. This evalu- 
ation should include the Bathymetric Swat It 
Survey System, photobal liyiu e try, sidescan so- 
nar systems. Airborn Laser Hydrography, 
and Satellite Hydrography. These evaluations 
are an industry requirement for technology 
transfer; to be realistic they should be under- 
taken both as iii-huiisc studies by federal 
agcitcies and as independent, outside (univer- 
sity or industry) studies. 

The current trend to digitize the bathymet- 
ric data should Ik- continued, and NOAA, in 
conjunction with other concerned agencies 
and the growing community of it id list rial ami 
academic users, should review the usefulness 
of the data's format. 


Positioning and Navigation 

All positioning requirements arc for under- 
water points, mostly on the ocean bottom. 
Offshore Positioning 

Due to the continued increase in offshore 
exploration activities, wc recommend the con- 
cept of an offshore cadastral survey. To ac- 
quire the desired offshore cadastral survey 
accuracy of ±5 m, techniques and instru- 
ments must be developed that will also be re- 
quired to determine positions of large oil 
wells to within ±5 ni and to recover them in 
case of blow-outs. 


Deep Ocean 

Techniques and instruments must be devel- 
oped tn achieve the desired accuracies rang- 
ing from ± 1 tn in ± 10 m ill deep -ocean work 
in the following fields: 

Mining: ±10m 

Territorial hu titulary (22 km): ±5 nt 
Ocean-lronoiu control net: ± L in 

Permanent slat inns should he established 
on at least 10% of the ocean floor of interest 
for national needs in engineering, research, 
and operations, with an accuracy of ± I ni. 
There should also be a study of various types 
of benchmarks to be used for defining per- 
manent stations. 

Surface and Under-Ice Navigation 

The complete availability of today's transit 
satellite navigation system and tomorrow’s 
CPS satellite system is crucial to the majority 
of marine geudesy programs and require- 
ments. We recognize that these systems are 
designed and funded by the U.S. Department 
of Defense (DOD) to meet national defense 
needs, mid such applications arc their pri- 
mary reason for existence. At present there is 
no institutional recognition of the secondary 
fact that these systems arc a national asset 
and are vital in current and future research 
and exploitation of the oceans. 

Wc strongly recommend the consideration 
of civil marine geodesy needs in secondary 
uses of navigation satellites. Since formal 
DO D/Dcpart incut of Tran spot tut ion (DOT) 
coordination is now established for radio nav- 
igation (as described in the Federal Radio 
Navigation Plan), it would seem logical to 
make the DOT Navigation Council nr one or 
its subunits Lite point of contact Tor national 
civil use of these satellites. 

We alsu urge the creation of a program to 
determine the feasibility nf under-icc naviga- 
tion of merchant hulk-carrier submarines. 

Plate Tectonic and Seafloor Spreading 

Experimental studies could contribute to 
die explanation or some of the problems re- 
lated to geo dynamics, sucli as the conelalion 
of plate movements with earthquake predw - 
lions; however, no systems a tv in use to make 
these measure incuts in die ocean. Since the 
relative movements of the plates range from 
2 to 2d ciit/yr, precision iranspmtdcri umM 
measure the movement rate to the dcMicd ac- 
curacy ol I cin/yr at the spreading center. 
Since appropriate designs for these precision 
transponders exist, they should be built and 
tested at deep seu. and appropriate software 
for the data must be developed. 

Ocean Surface Topography, Mean Sea 
Level, Tidal Variations 

The panel strongly recommends the reso- 
lutions of the International Symposium on 
Interaction of Marine Geodesy and Ocean 
Dynamics held in Miami in January 1979: 

Recognizing the ralue of global and re- 
gional satellite techniques for the solution 
of oceanographic and geodetic problems, 
we recommend that a state-of-the-art satel- 
lite altimeter with at least ± 10 cm accuracy 
and with at least ±10 cm orbital tracking, 
be launched immediately. 

Article (ron/. on p. -//Oil 
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Methane in Association 
With Seismic Activity 

II has been hypothesized that upward 
movement of vast quantities or methane 
gas from the earth's mantle is a causative 
agent of earthquakes [Cold, 1979J. Much 
of this hypothesis rests on accounts of 
flames and/or loud, booming noises 
("bromides") accompanying seismic 
events, possibly caused by the explosive 
release of this “primordial" methane to 
the atmosphere [Clafliu-Chalion aitd Mac- 
Donald, 1978; Gold and Safer, 1979]. This 
speculation has generated much contro- 
versy because it implies a nonbiolugical or- 
igin for petroleum, as well as the presence 
of an abundant, potentially harvestable 
supply of energy in the mantle [e.g., Na- 
tiire, 1982; Eos, 1983], However, there is a 
paucity of experimental data to either 
support or contradict this hypothesis. Be- 
cause of this continuing, unresolved con- 
troversy, I have decided to publish some 
observations made several years ago with 
respect to methane emanations during an 
earthquake that struck near Mammoth 
Lakes, Calif [Oremtand, 1979]. It Is of sig- 
nificance that this region lies in close 
proximity to Owens VuJIey where accounts 
exist or flames emanating From the 
ground during the 1872 earthquake [Cfa- 
jltn-Chalton and MacDonald, 1978; Gold, 

1 979]. 

One possible test of Gold's hypothesis 
would be the demonstration that dramatic 
releases of methane frequently accompany 
acismtc activity. Although it docs not nec- 
essarily follow dial methane release*! dur- 
ing seismic events is of primordial origin 
(e.g., biogenic or thermogenic methane 
entrapped near the surface could be re- 
leased by strong earth movements), the 
consistent presence or absence of uiiusiial- 
ly large plumes ol methane in association 
with earthquakes would cither lend sup- 
port to or contradict the hypothesis, re- 
spectively. An ennhqunke of 5.7 magni- 
tude (Richter) struck about 30 km south- 
east of Mammoth Lakes. California, at 9 45 
A.M. on October 4. 1978 (for details see 
Saivgc and Clash, 1 1982]). The depth of 
the epicenter was 13.6 km [R. Cockerhan. 
personal communication. 1983]. The ini- 
tial shack lasted several seconds, and a se- 
nes of ;iftershock5 of diminished intensity 
occurred for several hours thereafter 
Eyewitnesses at Hot Creek, a geothermal 
stream having several fumaroles. reported 
the sudden release of large quantities of 
steam and gases at the time of the first 
shock. These emanations were of suffi- 
cient magnitude to panic the few bathers 
present, and park officials immediately 
closed the area. There were no observa- 
tions of flames exiling the ground. Be- 
cause I had established a record of the 
methane content of some of the Hot 
Creek gas seeps 57 days prior to the 
earthquake, and because the creek was 
studied previously with respect to its 
chemistry and gaseous emanations [Man- 
lier anrf Wilt?, 1974], it was possible to de- 
termine if any dramatic increase in the 
methane content or these geothermal gas- 
es occurred soon after the initial shock of 
this seismic event. 

Table I lists the methane concentrations 
of two proximate gas seeps (A and B) and 
two large fumaroles (C and D). Seep A 
consisted of a slow trickle of bubbles 
(about 25 cc/rnin) emanating from warm 
sediments (50 C) located near the stream 
bank (water depth about 10 chi). Seep B 
was located about. 1 m away in slightly 
deeper water (depth about 25 cm), had a 
faster gas Row rate (about 100 cc/min). 
and emanated from a more rocky Ixrtiom 
see P A (sediment temperature * 

P r B> ' “ ct} J ane concentrations 
in the gases from both seeps were low and 
actuJiHy decreased somewhat with ihe ar- 
rival or the earthquake. These methane 
values are in agreement with the data q[ 
Manner and \V,ley [ 1974]. Fumaroles C 
and D were located about 50 and 75 m 
rapecuvely, away from see p A and Jj 

opposite stream bank. Prior to the quake! 


they were senescent and demonstrated 
minimal gas ebulition (they were not sam- 
pled). However, after the first shock and 
for several subsequent days they violently 

TABLE 1. Methane Concentration in 
Gases From Hot Creek Seeps (A and B) 
and Fumaroles (C and D) 
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Percent Methane in Gas Phase 

Sept. 17, 

Oct. 4, 

Oct. 9, 

1978 

1978 

1978 

0.16 

0.12 

0.12 

0.07 

0.06 

ND 

ND 

0.0 1 

0.01 

ND 

0.01 

0.0 1 


Gases were collected by displacement of 
water in a capped funnel. The collected 
gases (50 cc) were next drawn up into a 
syringe, and the contents were injected into 
sealed, vented serum vials (volume =» 5 cc). 
Analyses were performed within 3 hours of 
sample collection. Collection oF gases on 
Oct. 4. 1978, were made within 3 hours 
after the firsr shock. Samples were analyzed 
on a Varian series 1400 flame ionization gas 
chromatograph equipped with a Porapak Q 
column (305 x 0.64 cm; N 2 carrier flow - 
30 cc/min). Limit of detection was about 
0.0005%. ND ■= not determined. 

extruded gas bubbles and sill. Fumarole C 
even spawned a 3 m high water geyser as 
a consequence of the earthquake. There- 
fore, new materials were being brought to 
the surface; however, the methane con- 
tent of gases emanating from these hot fu- 
maroles (water temperature * 82°C) was 
about an order of magnitude lower than 
that of the bubbles exiling the cooler 
seeps (Table I). None of the gases collect- 
ed was combustible. 

The higher mediane concentrations of 
the gases at seeps A and B were due to 
the presence of methanogenic bacteria in 
the warm and reducing sediments (they 
had an H 2 S odor) surrounding the seeps. 
Thermophilic methanogenic activity is a 
common occurrence in hot springs [e.g., 
Ward, 1978], and anaerobic incubation of 
sediments taken near the seeps demon- 
strated abundant biological methane pro- 
duction at 62°C (Figure 1). Metlianogene- 
sis was blocked by addition of chloroform 
(Figure 1). an inhibitor of methanogenic 
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Fig. I. Methanogenesis in Hot Creek 
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a 62-C. Sediments were collected with a 
plaum core l*ner (upper 5 cm of sedimem) 
from a warm (54“C) fumarole located near 
“J ep * * and B: 30 cc ° r «dimem were 
m . tO - J c 50 1 CC , E rlenmeyer flasks that 
contained 75 ml of fumarole water FJaslu 

n > r ° r 5 ">'* ss .El 

waled with black rubber stoppers. Open 
circles, flask containing 0.1 mlofchloro- 
, m; c OJ ed circles, uninhibited flask Fi- 
nal methane levels achieved in the unin- 
S < l! a8 r ( ‘ il2 P-moles) corresponds to 

f£°“ lh r e 838 phase volur " e - Addi- 

fl JL' ° f5 ° ? of . H * to ano,her uninhibited 
n . caused an immediate, seventeen fold 
stimulation of methane production rales 
(data not shown). 


FinaUy. rccognWog ffie need for addW | 

• ‘‘ onal * ur fac< and subsurface measure- ' 
menu fo solvu.g oceanographic and geo- 

i ^^l^fiiiii f'f It i 


dling facility be developed and implement- 
ed concurrently with the satellite system. 

Tsunamis 

HiI°J, mpr0Ve ihe rdia bilily of tAinami pre- 

dioion, we recommend development of a 
. .. deepwater system to measure tsunami wave 1 
, height m real time. This system wouK • 
ridea supplemental parameter to the jlma- 
ml warning system and Woiild be of immense ; 
, use If a failure of the tide gauge systems nr 
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bacteria [Bauchop, 1967], and, in .addition, 
methane production rates were stimulated 
seventeenfold by addition by hydrogen to 
the sediments (data not shown). The high 
temperatures at ftimaroles C and I) ex- 
ceed the physiological range of most ther- 
mophilic niethaiiogens [Zeikits and Wolfe, 
1972; Ward, 1978], and therefore the low- 
er methane content of the fumarole gases 
was probably a consequence of these orga- 
nisms being absent from those environ- 
ments. Further evidence for the active 
presence of methanogenic bacteria near 
the seeps but not the fumaroles can be in- 
ferred from the presence uf traces of hy- 
drogen in the fumarole gases (0.03- 
0.07%) but not in the seep gases. Hydro- 
gen is commonly associated with geother- 
mal gases [Lyon, 1974], and because it is a 
common substrate of methanogenic bacte- 
ria, it would be removed from gases that 
transit sediments harboring an active flora 
of these organisms. 

It Is therefore evident that increases in 
the methane content of geothermal gases 
did not accompany this earthquake and 
that mediane remained to minor compo- 
nent of the gases. Furthermore, increases 
of methane were not observed during n 
1974 eruption pf the Kilauea volcano in 
Hawaii, and concentrations in collected 
gases remained below 1.4 ppm (R. La- 
montagne, personal communication, 

1983). It has been argued that one might 
not observe liberation of methane in vol- 
canic regions if mineral-catalyzed oxida- 
tion of methane to carbon dioxide oc- 
curred [Gold, 1979]. However, experimen- 
tal evidence does not support this 
contention [Sachett and Chung, 1979]. Fur- 
thermore, die oxidation reaction envis- 
aged would have to operate at near 100% 
efficiency to account for the low methane 
values observed in Hot Greek and Kilau- 
ea, a feat that is difficult to achieve for a 
vast volume of methane quickly transiting 
a hot mineral region during an earth- 
quake. Finally, as noted at the outset, Hot 
Creek lies in proximity to the region 
where accounts of flames escaping the 
earth were recorded during the Owens 
Valley earthquake of 1872 and were cited 
as supportive evidence for die mediane 
deep gas" hypothesis [Gold, 1979]. 

It should be noted, however, that meth- 
ane can be an abundant component (i.c., 
>40%) of the gases of mud volcanos [lleil- 
sema, 1979]. In addition, significant levels 
of inethane (about 2.5%) were observed in 
some or the gases collected during a 1977 
Kilauea eruption [Crasher el ai, 1979]. In 
both cases, however, die investigators 
were able to attribute the source of the 
methane to pyrolysis or buried organic 
matter. I have observed a high methane 
content (about 1 1%) in gases exiting the 
mud-flow debris region on Moum St Hel- 
ens, However, the presence or both eth- 
ane and propane in the gas as well as the 
tact that the site was located on top of (inn 
feet or hot, recently buried organic-rich 
debm lends further credence to a shallow 
pyrolytic origin (with perhaps a biogenic 
contribution as well) for die methane rath- 
er than a deep "primordial" one [R. S. 
uremland, unpublished data, 1983]. 

The observations presented in this re- 
port contradict die methane "elect) gits" 
hypothesis of Cold [1979], ft mus , be 
stressed dim any gases released during 
seismic events or along rift zones may be- 
come relatively enriched in methane be- 
cause of contributions made by liberated 
pockets of ancient or recent methane en- 
trapped within the crust. This gas may 
have been formed by biogenic (as in the 
case of Hot Greek) or thermogenic mecha- 
nisms occurring within the crust. Thus 

li ° n8 nA iS0t0pica,ly heay y mwl.aue 

!lnr, CH ^i “ r 2 ° “ 7i 5 per mi,) in associa- 
tion with plumes of 3 He emanating geo- 
thermal regions [WeU tan and Craig, 1979- 
Gutsalo, 1980; Litpton and Craig, 1981; Wel- 

Jrilfo fn ] h 81] dt ? CS not prove a mantle 
origin for the mediane because the eas 

mav have been "stripped" out or the crust 
with upward movement of 3 He. Further- 
more, idendfication of sources of methane 
that are based primarily on carbon isoto- 
pic composition of the gas can be clouded 
by the activities of methylotrophlc bacteria 
which can enhance the *C component 0 7 
the methane [Sifoanwan and Oyama, 1968; 

Barker and Fntz. 1981; CoUinan et < 198]] 
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ata, when used to iilc-ntify sou^ ^ C 

prune irdtal methane, should beTn./r L 
preted with emu ion. n er ' |r 
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Volcanic Sulfur 
Dynamics 

Gaseous sulfur in the aerosol clouds pro- 
duced by the eruptions of Mount St. Helens 
and El Chichdn is the current focus of re- 
search on the effects of matter injected into 
the atmosphere by volcanoes. Recent research 
shows that new particles of sulfuric acid are 
formed up to 3 months after an eruption and 
that these particles can continue to grow for 
more than half a year following an eruption. 
These sulfuric arid particles may alter the 
earth's climate by interfering with the trans- 
mission of radiation from the sun into the 
lower atmosphere and of infrared radiation 
from earth back out to space. Furthermore, 
evidence published last month claims that sul- 
fur emissions during noneruplive phases may 
be the main source of volcanic sulfur in the 
atmosphere. 

Although effects of sulfuric acid are mini- 
mal in the troposphere (which extends to ap- 
proximately 15 km above the earth at the 
equator ana to 9 km at the two poles), it 
causes measurable changes in the flow of ra- 
diation in the stratosphere (the next major 
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^°J er, st Large gas and ash eruption of 
«kurajima Volcano near Kagoshima in 
K >'Mhu, Japan, on September IS, 1981. A 
wnes of powerful eruptions that day pro- 
tensive ash fall and measured flux 
ot SOa of greater than 1 1 ,000 tons per 
“ay- Sakurajima has been almost continu- 
ity active since 1966; extensive mea- 
j Ures bave been taken to monitor its aetiv- 
y and preparations made for rapid evac- 
ation of local residents. (Photograph 
onrtesy of Stanley N. Williams, Depart- 
i enl Earth Sciences, Dartmouth Col- 
le ge. Hanover , N.H.) 
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layer above the earth, ranging in thickness i 
from 15 km at die equator to 50 km at the r 
poles). Ongoing research aims to assess the { 
complete impact of sulFur and its derivatives I 
on the chemistry of the atmosphere. Accord- 
ing to M. Patrick McCormick of the National ( 
Aeronautics and Space Administration I 

(NASA), the May 1980 eruption of Mount St. : 
Helens and the April 1982 eruption of El , 
Chichdn provided researchers with an experi- i 
ment in nature at a time when there is sound i 
technology with which to conducL invest iga- ( 
lions. The scale of this experiment is suggest- . 
ed by the volume oF sulfur involved: The 
stratosphere was injected with approximately 
7.5 x 10 7 kg of sulfur by the 1980 Mount St. 
Helens eruption (£os, August 10, 1982, p. 

601), and the 1982 El Chich6n eruption in- 
fused an even greater amount, recent work 
shows. 

Sulfuric acid (HbSOi) is the product that 
directly interferes with solar radiation. The 
amount of atmospheric HsSOi formed from 
an injection of sulfur is a function of the sul- 
fur's residence time in the atmosphere and 
the oxidation and hydration rates it under- 
goes there. 

Although the exact conversion rate of sul- 
fur to sulfuric acid is still under investigation, 
it is more rapid in the stratosphere than in 
the troposphere because of higher photo- 
chemical activity caused by stronger solar ra- 
diation at that level of the atmosphere. The 
oxidation process leading from sulftir to sul- 
fur trioxide (S, SO, SOa, SOs) and the subse- 
quent hydration to HaSO varies with the 
availability of water vapor, which fluctuates in 
different regions over the earth. (Most vol- 
canic sulfur is injected into the atmosphere as 
sulfur dioxide.) 

In 1981, A. S. Kabanov and S. S. Khme- 
levtsov, of the Experimental Meteorology In- 
stitute in the USSR, speculated on the mecha- 
nism of sulfate aerosol formation in the 
stratosphere. They proposed that droplets 
grow when sulfuric acid molecules adhere to 
existing waLcr droplets, formed as strato- 
spheric water vapor passes into the liquid 
phase. 

By virtue of vertical mixing and water pre- 
cipitation. the Lroposphere is cleansed of sul- 
Fur products much more quickly than the 
stratosphere. The residence time of sulfur 
products is measured in days to weeks in the 
troposphere, whereas it is 1-3 years in the 
stratosphere. 

D.J. Hofmann and J. M. Rosen, reporting 
in Geophysical Reseat ch Letters in April 1983 mi 
the amount and mass of sulfuric acid aerosol 
produced by Ei Chichdn, concluded that new 
particles of sulfuric acid were formed for 
about 3 months after the eruption. When 
particle formation ceased, though, particle 
growth was evident 7 months after the erup- 
tion. Their observations, made with three bal- 
loon-borne optical partide counters, revealed 
two layers of aerosol particles in the strato- 
sphere. The higher layer, located at 25 km, 
consisted of 80% sulfuric acid, while the low- 
er layer, hovering around 18 km, consisted of 
60-65% sulfuric add, estimate the University 
of Wyoming scientists. Data also indicated 
possible partial depletion of water at 25 km 
because of the conversion of gaseous sulFur 
lo sulfuric add. 

Foremost among the instruments used to 
measure aerosol dispersion is the light detec- 
tion and ranging (LIDAR) remote sensing 
system. The device operates by shining light 
into space. Backscattering of the lightwaves 
by partides in the atmosphere produces an 
echo that is then compared with atmospheric 
heights, and a measure of the dispersion is 
then calculated. While unable to distinguish 
beLween spedfic compounds, LIDAR can de- 
termine the position and relative size of an 
aerosol cloud of volcanic origin. 

Arlin Krueger, also of NASA, said that sys- 
tems used to measure sulfur dioxide indude 
the Total Ozone Mapping Spectrometer 
(TOMS) number 7 and the Solar Backscatter 
Ultra Violet (SBUV), both on the Nlmbna-7 
satellite. Although these instruments were de- 


repeatedly traversing the volcanic plume) re- 
ported in 1982 was the estimate ol sulfur di- 
oxide flux from Mount Sl Helens as 9 x I0 1 
kg/day on September 22. 1980. 

The use of direct measurements of volcani- 
cally injected sulfur and a proposed classifica- 
tion of volcanic activity, including eruptive 
and noneruptive phases, are the main advan- 
tages of a new model that assesses atmospher- 
ic sulftir contributed by volcanoes, according 
lo a paper in Ihe April 20 Journal of Geophysi- 
cal Research. H. Berreshcim and W. Jaeschke 
of the Center for Environmental Protection 
auhej. W. Goethe-University, Frankfurt/ 

Main, Federal Republic of Germany, argue in 
their paper that emissions or sulfur during 
noneruptive phases, previously neglected by 
researchers, are the main source of the vol- 
canic sulfur in the atmosphere. 

In the same issue, the University or Wyo- 
ming's Rosen and Hofmann report on the 
newly discovered quasiannual variation of 
concentrations of condensation nuclei. Con- 
densation nudei are liquid or solid atmo- 
spheric particles that instigate the condensa- 
tion of vapors into aerosols. Although the 
team concludes that there is no single expla- 
nation for the variance of condensation nu- 
dei concentration, it speculates that sulfuric 
arid resulting from recent eruptions may play 
a role. Rosen and Hofmann say that study of 
condensation nuclei, thought to be the link 
between precursor gases and aerosol forma- 
tion, will aid in developing predictive models 
and understanding stratospheric aerosol 
chemistry. — A1£G 

Pioneer 10 Leaves 
Solar System 

The National Aeronaut ical anil Space Ad- 
ministration's (NASA) unmanned spacecraft, 
Pioneer 10. was expected io leave the outer 
reaches of our sular system on June 13. 1983. 
(The division between the solar system and 
outer space is defined as Lhe edge of die 
sheath of influence or the solar wind; this 
sheath is called the licliusphcre.) On its way 
lo space beyond our solar system. Pioneer 1U 
will pass dose enough to Neptune and Ura- 
nus to obtain data which may be useful in de- 
termining whether or not "Planet X" exists. 
Planet X is die hypothetical cause of Nep- 
tune's and Uranus' perturbed motion, so far 
unexplained by earth observation. In addi- 
tion, as il leaves the heliosphere, scientists 
hope Pioneer 10 will map the apex of the so- 
lar wind teardrop. 

Pioneer 10, launched on March 2, 1972. 
was intended to last for about 2 years. When 
Pioneer 10 leaves our solar system in June 
and heads into interstellar space. NASA will 
celebrate its success. Ceremonies will be held 
in die Capitol, the Ames Research Center 
where die Pioneer 10 project is being 
manned, and at TRW in southern California 
where the spacecraft was built. 

Now the spacecraft is nearly 2.8 billion 


miles from the sun. Tracking data are being 
obtained regularly and will continue la be re- 
ceived, even when it is twice ns far from earth 
as il is now . — PMB 


Combating 

Illiteracy 


A science course for non scientists at Co- 
lumbia University's Columbia College that 
was created in 1981 ns an experiment to com- 
bat “the national crisis of scientific illiteracy'' 
has received major new foundation support 
and has achieved a permanent place in the 
college's curriculum. 

The course, The Theory and Practice of 
Science, has received a $240,000 grant from 
the Andrew W. Mellon Foundation, accord- 
ing to Robert E. Pollack, college dean, profes- 
sor of biological sciences, and originator of 
the course. The grant will be used for the 

K arniion and publication in 1 985 of a text- 
, titled 77i* Scientific Experience, which will 
permit the course to be taught at nihcr 
schools around the country. 

The course is designed to expose students 
to die way in which scientists think and reach 
conclusions about the physical world, rather 
than to tench them the substance uf only one 
discipline. The course "is unique." Pollack 
said. “It is mu n history or philosophy of sci- 
ence, hut a study of pure science, to show 
what scientists think is elegant nkoiil their 
subject." Pollack teaches the course with Her- 
bert Goldstein, prufessur of applied physics 
and nuclear engineering, and Jonathan 
Gross, professor of mathematical statistics 
and computer science. Funds fioni the Mel- 
lon grant will enable the addition uT four oth- 
er faculty members and the addition of a sec- 
ond section of the course in the 1983-1984 
academic year. More sections are planned for 
fui tire years, Pollack tinted. The him lucidly 
juining the original cure at e .Samuel Kilen- 
berg, University Professor Etneriiuv, Darcy 
Kelley, associate professor of biology: David 
HcLfand, associate professor of physics; and 
Robert Crease, philosophy instui clot. 

The course, which began with 13 -<111110015 
and funding from the Exxon Education 
Foundation and an anonymous alumnus, 
doubled in size in the 1982-1983 academic 
year with a grant from die Atlantic Richfield 
Foundation. 

NEXRAD 

Negotiations 

Two firms have been selected for negotia- 
tion for preproduction models of NEXRAD, 
the next generation wen titer radar system 
that aims 10 improve severe weather forecast- 
ing. The 40-month, cost- plus-fixed-fee con- 

News icont. on p. 412) 
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signed to measure ozone, they can distinguish 
sulfur dioxide from ozone by the difference 
In the wavelengths of the radiative energy the 
compounds absorb. According to Krueger, 
vnliimp oF sulfur dioxide measured by ill 


the volume of sulfur dioxide measured by the 
systems employed by NASA is less than is Im- 
plied by the size of the aerosol cloud; there 
may be a large, undetected volume of sulfur 
bound in another form, he said. 

Following the 1980 eruption of Mount St. 
Helens, Alan R. Bandy of Drexe! University 
and his collegues embarked on project RAVE 
(Research on Atmospheric Volcanic Eniis- 
sions), an effort by NASA and university sci- 
entists to investigate the detailed chemical na- 
ture of volcanic plumes. Research conducted 
by the team using die LIDAR system, aruemg 
others, is expected to expand the basis for di- 
agnosing the mqjor processes in volcantsm. 

In a 1982 paper, the team stressed that 
"better estimates of the magnitude and vari- 
ability of volcanic emissions are required if 
the importance, of this natural source of at- 
mospheric constituents and the resulting ef- 
fect on atmospheric chemistry and burdens 
of species are to be elucidated," An important 
result of a RAVE experiment (conducted by 
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News if ant. from p. tin 

tracts, each valued at S20 million, were 
awarded to Raytheon Co. or Wyland, Mass., 
and to Sperry Corp. of Great Neck, N.Y.. ac- 
cording to (lie National Oceanic and Atmo- 
spheric Admin ist ration (NO A A). 

The contract awards represent the second 
of four phases in the 10- year process of the 
development and deployment of a national 
weather radar system to replace existing but 
aging units. One of the companies will be se- 
lected in late 1 98G for a contract for limited 
production of the radar units. Full produc- 
tion and installation of the first operational 
units are expected by early 1988. 

NEXRAD is a joint effort of the Com- 
merce, Defense, and Transportation depart- 
ments to develop an advanced radar with 
Doppler capabilities that meet the needs of 
NOAA's National Weather Service, the Fed- 
eral Aviation Administration, and the U.S, 
military. 

Geophysicists 

The following AGU members were recent- 
ly elected to membership in the National 
Academy or Sciences: Thomas M. Donahue, 
chairman of the department of atmospheric 


and oceanic science aL the University of Mich- 
igan; Wilford R. Gardner, chairman of soils, 
water, and engineering at the University of 
Arizona; Stanley R. Hart, professor of geo- 
chemistry at the Massachusetts Institute of 
Technology; /t-rorae Namias, resident meteo- 
rologist at the Scripps Institution of Oceanog- 
raphy; and Norman F. Nets, chief of the labo- 
ratory for extraterrestrial physics at NASA's 
Goddard Space Flight Center. In addition, 
Ikuo Kushtro, a staff member at the Carnegie 
Institution of Washington's Geophysical Lab- 
oratory and professor or petrology at the 
University of Tokyo, was elected a foreign as- 
sociate of the Academy. William A. Mere n- 
berg, director of the Scripps Institution of 
Oceanography, was elected to the National 
Academy of Engineering. He was cited for 
outstanding engineering and scientific contri- 
butions in the field of oceanography, with 
particular application to deep ocean opera- 
tions. 

Wallace Broecker, at the Lamont-Doherty 
Geological Observatory, Warren Hamilton, at 
the U.S. Geological Survey, and Patrick Hur- 
ley, at the Massachusetts Institute of Technol- 
ogy, were elected honorary members of the 
Geological Society of London. 

Cesare Emiliani, chairman of the University 
of Miami's geology department and director 
of the undergraduate marine science pro- 


gram, has been awarded die Vega Medal by 
the Swedish Geographic Society in recogni- 
tion nf his isotopic analysis of deep-sea .sedi- 
ments that lie used to study die ice ages. Pre- 
vious recipients include uccauugiaphcr H. U. 
Sverdrup (1930) and gcuphysicist Maurice 
Ewing (1965). 

Hollis D. Hedberg , Princeton University 
emeritus professor of geology, received the 
American Geological Institute's Medal in 
Honor of Ian Campbell. The medal is award- 
ed annually to scientists whose careers are 
comparable to Campbell, who taught geology 
aL the California Institute of Technology 
from 1931-1959, and then became Califor- 
nia's state geologist. Campbell. AG1 pres idem 
in 1961, died in 1978. 

Ian MacGregor lias been appointed deputy 
director of the National Science l-miiulatinu's 
Division of Earth Sciences. He had been cliiel 
scientist in the Office of Scientific Ocean 
Drilling. 

Albert Rango has been appointed chief of 
the Hydrology Laboratory at the Department 
of Agriculture's Agricultural Research Service 
in Beltsville, Md. The major research objec- 
tives of the laboratory are applying remote 
sensing to hydrology and water resources, in- 
vestigating climate variability and its impact 
on soil moisture, and applying hydrulugiral 
modeling to large areas and to pollution from 


iionpoiiu sources. A 10-year veteran^ 
NASA’s Goddard Space Flight CenterV 
was most recently head of GoddardTih? 
h»g inil Silences lira nch. 

Henry Spall has lieen appointed i 
duel of (lie Office or Scientific P,,wS°^ e i 

ess**'— 

hi Mciiwriain 

Jacob Oh.es, national correspondent for 
Norway to the International 
Hydn.log.cal Sciences (IAHS) and direct! 
the Norwegian Hydrological Service, d£T 
January 17. 1983. A member of the HnfaJ 
gy section, he joined AGU in 1961 : 

Lean Tison, Secretary General of the uis 
nm. 191H to IU7« and the recipient oFtb 
lirst International Hydrology Prize in m 
diet! on December 515. 1982. ’ 


Albert Rango 




AGO New Books 

The Scientist and Engineer in Court 
M. D. Bradley, 1 16 pp., soft bound, 1983. 
AGU members: $9.80; others: Si 4. 

With increasing frequency, scientists and 
engineers are called on to serve as expert wit- 
nesses in court, yet few know tlieir duties and 
fewer still know the pioccdures in a lawsuit. 
Many experts find the courtroom con fusing, 
with proceedings that scent arcane and deci- 
sions that seem strange or even illogical. Out- 
siders are easily lost in the ceremony and dra- 
ma or a lawsuit, esiiecially if their expertise 
prepares them to deal more with facts than 
tviih values, with collaboration instead of ad- 
vocacy, and with answers rather titan settle- 
ments. Expert witnesses need preparation to 
understand what happens in lawsuits and to 
whom and why it happens. 

Today courts are settling disputes with sig- 
nificant technical and scientific components 
and need expert witnesses iu analyze scien- 
tific in formation. An expert's testimony helps 
a court accept scientific and technical infer- 
maiton, process it for its substantive worth, 
and form it into a legal decision. But the ex- 
pert needs more than technical skills. In or- 
der Lo function effectively as an expert wit- 
ness. he also needs to understand die hidden 
dimensions of courtroom interactions, the 
tactics developed by lawyers in an adversarial 
proceeding, and the use of technical facts in 
legal decision making. Scientism and engi- 
neers can no longer afTord the luxury 0 r ig- 
norance aboin the j udicial process. 

This volume clarifies the elements of a law- 
suit, defines common legal terms, and offers 
a guide to the courtroom drama. Assuming 
that experts wish to be knowledgeable about 
the Inal, it explains which evidence is admis- 
sible, the tactics of cross examination, and the 




need for effective commit nication with the 
judge or jury. It deals with the practical as- 
pects of courtroom appearance and the calcu- 
lation of witness Tees. And it encourages ex- 
perts to understand their role as learners in 
an evolving legal system. The message is sim- 
ple: "Scientists have knowledge iliaL courts 
find useful when deciding lawsuits; therefore, 
scientists should testify when asked as expert 
witnesses in court." By adding knowledge of 
the courtroom proceedings to an established 
technical or scientific expertise, the expert be- 
comes a more valuable and effective witness. 

Contents 

1. Introduction 
^.Lawyers and Courts 
The Actors in die Courtroom 
The Structure of the Courts 
Going to Court 

Tile Process uf Civil Litigation 
Initial Rules: Starting a Lawsuit 
Pretrial Procedures 
The Trial 

Motions at the Close or the Plaintiffs Case 
The Defendant's Evidence 
Closing Arguments or Summations 
Instructions lo the Jury 
The Verdict 

Motions After the Verdict 

Judgment 

Appeals 

4 . Experts and Evidence 

The Historical Development of Witnesses 
Witnesses and Evidence 

5. Courls and Scientific Information 
Providing Scientific Information in Court 
The Expert as Educator 

Courtroom Conduct 

How to Calculate a Witness Fee 

6. Conclusion 

Expert Witness and Learning 
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&nhydrolagiat. Lawrence Livermore Natlonnl 
Laboratory currently has an opening for a 
Geohydrologut with an MS orPh.DT degree or 
equivalent experience. Yo., will 


Kfey “f* SJ 1 "— .hoSd “7 “^ri" dd 

All equal opportunity employer M/F/H/V. 


various pro- 


Resemrch Profeaaor In Marine GwwtenM/Un 1 - 
ally of Rhode Island (Marine Geosclenuat)* 
Graduate School of Oceanography invites ■PEr'L 
dons for a research professorship In Marine 
cncc whose salary and rank are negotiable, rrv 
cnce will be given to candidates who have de 
demonstrated abilities and Interestin, but no* 
sarily limited to paleomagneiism. The poJJW 
funded by contracts and grams, however 
search professor holds fun faculty ^ G50 

lo oLher benefits. The paleomagneuc raaJiiy a . 
is fully equipped, fully operational and onen , « 
wards rapid measurement of large num *^ 0 _ en ji 
sedimentary samples. Applications 
the position which svill become available aw" J 
ary 1, 1984. Arose i 

Send letters of application, resume, ana 
and addresses of three professional rtfcrp*“ B . 
Roger L. Larson, Graduate School ofOceantffT 
phy. University of Rhode Island, Narriga™* 1 
Rhode Island 02888. . 

An affirmative aclion/equal opportuntty VT' 
m/f. 

Research Scleotlat/Spacel PUam 
ty of Iowa, A research posidon h 
Department of PHysics and Astronomy. 
sity of Iowa, for theoretical and interorw^^ ^ 


^IfesSSKSat 


sity of Iowa, Tor theoretical and interprew/^ ^ 
ies or waves in space plasmas. Spedflc 
on theoretical in vesti gallons, of wave-paruo j ^ ][ 
(ions In nlnneiarv maonelOSDhereS *10 liwf* - 


must have a Ph.D. with good quaJincaUw^^jaa 
ma physics theory and anoud nave w™* 

In the interpretation: of space . 

Send it resume arid thfc names or u 1 "* CufW* 
familiar with the applicant's work Onit®’ 

• Department of Physics and Astronomyi ^ Jlf 
■ sity of Iowa, lown Qty, Iowa B8242, tetePF?; • 
•353-3527. . . _ - 

i The Unlvctslty of Iowa is an aflinnau 
.equal opportunity employer. ■ 
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allies for Graduate Studies In the.Almo- 


jSSaudicam the atmospheric sciences. For 
Efu! applicants, these posulons rndude 1/2- 
assistaniships with starting salaries 
3S J7.000 l° ?l 2, 000/1 2 month., do- 
Sfflpg on the degree being sought and the siu- 
qualifications. All tuition and Tees are hIsq 
nfTrJ by the institute. 

ThrAiraospheric Sciences Program at Georgia 
Tech is part of the School of Geophysical Sciences 
snd is uniquely structured academically in that ma- 

diiu “ n, , \ DMH nf iFmniTtnprir 


Meteorology, and Atmospheric Chemisiry. Major 
roraith efforts in which students arc currently In- 
„lv«l include studies in wind and solar power, di- 
raatr modification, air pollution, uses of satellite mc- 
tfomloiiy, measurements of aerosols In the atmo- 
sphere, modeUng of planetary circulations. 
mewKale “d boundary layer dynamics, ilevelop- 
meni of laser InstrtimcntaUon For the dctccuon of 
atioMpheric aerosols and gases, global airborne 
measurements of atmospheric trace gases, photo- 
chemical and gas kinetic studies of atmospheric 
transformations, studies of biogeochemical cycles, 
and one-, lwo- and three-dimensional chemical and 
dynamic modeling of the troposhere and urato- 

iP Swdenu interested in being involved in these or 
«her exciting Atmospheric Sciences projects al 
Georgia Tech should write For information to: 

Dr. Douglas D. Davis 
School of Geophysical Sciences 
Georgia Institute of Technology 
Atlanta, CA 30332. 

Atmospheric Modeler/Programmer, Atmospheric 
and Environmental Research. Inc. has a staff posi- 
tion opening on a project lo enhance the assimila- 
tion and forecast capabilities of an NWP spectral 
model by maximizing the model's use of satellite 
data. The position is for a recent PhD or experi- 
enced MS in meteorology or related field with an 
active interest in global numerical weather predic- 
tion. We arc especially interested in individuals with 
expertise in one or more of die following areas: 
normal mode initialization, optima] interpolation, 
(loud parameterization and forecasting, boundary 
hyer processes. Computer proficiency is a must — 
experience with Harris and/or CRAY hardware is 
desirable. Stimulating, academic-style research envi- 
ronment. Please send resume and names of refer- 
ences to: Dr. Lewis Kaplan. Principal Scientist. At- 
mospheric and Environmental Research, Inc., 840 
Memorial Drive, Cambridge, MA 02139. Telephone 
017-547-6207. 

Aremme National Laboralory/Chemistry Division. 

An immediate postdoctoral position is available 
Far atmospheric chemistry studies based on mass 
spcctro metric analysis of the stable isotopic composi- 
tion of atmospheric trace gases. Problems include 


source budgets and temporal variations of .iiiitr>- 
sphcric trace gases and ttcierniinaiiuu of .Kuiusplu-i- 
ic OH free radical concentrations using stable iso- 
tope tracers. Experimental techniques involve prep- 
aration of gas samples derived from tr.Kc gases 
using carrier gas train systems wit it cryogenic .md 
chemical separation methods and precisiuu mass 
spcctromeiric analysis. Send resume to: Mr. Waller 
McFall, rersonncl Division. Box U-CHM-80, Ar- 
gonne National Laboratory, 970U South Cass Ave- 
nue. Argonnc, Illinois 00439. 

An equal opportunity employer. 

yagineering Geoiclences/U.S. Nuclear Regulatory 
CommJsiinn(NRC). The High-Level Waste 
Licensing Management Branch, Division -if Waste 
Management, NRC, invites applications for excel- 
lent candidates to fill a variety of anticipated pusi- 
Noni in the engineering geosciences. 

The positions are related to the regulatory untriy- 
inot proposed deep geologic high-level radioactive 
*uic repositories. Disciplines considet cd are: Hy- 
arology, Geotechnology, Geocliemistry. flydrogcol- 
ypj Materials Science, Gcostatistiui. and Staiisiical 
KltE Analysis. All apulicams must have a strong 
computer modeling background and the equivalent 
ot a Bachelor's or Nlaster s degree in Engineering or 
Nircoce- U.S. citizcnsliln is required. Salaries range 
Jtom GG-7 to CG-I2 level, depending on qualifica- 


Matthew J. Gordon 
U.S. Nuclear Rcginalory Commission 
Mail Stop 623-SS 


•n,. Washington, D.C. 20555. 

#n.«i Nu cl«r Regulatory Commission is 
f^ual opportunity empktyer. 


able at Arwona Slate University for a high-rcsolu- 
lion election microscopy specialist to work with the 
A5U Facility for High Resolution Electron Micros- 
copy within the Center for Solid Stale Science. 

The appointee will hold academic rank and will 
teach within the university department appropriate 
to his/her expertise. Qualifications include a doclor- 
al degree ih an appropriate area of science, a record 
of achievement and publication in high resolution 
electron microscopy and knowledge of related tech- 
niques such as mkroanalysb and microdi (Traction. It 
Is expected that the appointee will institute an active 
research program in electron microscopy or its ap- 
plications In some area of solid stale science using 
the instrumentation of the Facility and will serve as 
adviser to Facility users. 

Send resume and arrange for three letters of rec- 
ommendation to be sent to: J.M. Cowley, Center for 
Solid State Science, Arizona State University. Tcm- 
pe. AZ 85287, before August 20. 1983. 

Arizona State University is an equal opportunity/ 
affirmative action employer. 


HydrogeologisL Converse Consultants is seeking 
a staff or project level hyilrogcnlogisl for investiga- 
tions involving groundwater quality and supply, 
waste disposal, mineral and energy development 
and geotechnical projects. I^s Vegas-based, will 
serve primarily in the southwestern U.S. Opportuni- 
ty for interaction with an expanding staff al profes- 
sionals in six regional nfliccs. Excellent salary and 
advancement potential. 

Minimum requirements arc an advanced degree 
in geology plus two to five years cx|»criciuc involv- 
ing such areas as aquifer testing and modeling, well 
and well field design, quantitative evaluation of 
groundwater flow, contractor supervision. Good 
communication skills arc essential. Additional train- 
ing or experience In geophysics and hydrology is 
desirable. Contact Dr. Robert F. Kaufmann, Princi- 
pal GeolqgisL, Converse Consultants, Inc., 4055 S. 
Spencer Street. Suite 120. Las Vegas. NV 89109. 

Howard Univenily/Graduale Faculty Position. 

The Department of Gcolugy/Geography Invites 
appllcauons Tor a tenure-track position in geochem- 
istry at rank of assistant or associate professor be- 
ginning August 1983. Position involves development 
of graduate research program at Master's level. De- 
sired specialization includes environmental epo- 


chal nusn— Department of Geological Sclenen, ««d specialization includes environmental geo- 

Wright State Uiiiveralty. The Department of Geo- chemistry, geochronology, isotope geology. Send let- 
logical Sciences, invites applications for the position ter of application, resume and names oiihree refer- 


and an appreciation for research and practice-relat- 
ed educational activities. Rank U at the full profes- 
sor level and no restrictions have been placed on ar- 
eas of specialization- The department is active with 
12 faculty and an emphasis on professional practice, 
yet maintaining a firm commitment to basic re- 
search. 

Send a letter of application, curriculum vitae and 
names or three references to: 

Chairman, Search Committee 
Department of Geological Sciences 
Wright Slate University 
Dayton, OH 45435. 

Wright State University is an affirmative action/ 
equal opportunity employer. Closing dale for the 
position is October 31. 1983. 

University of Colorado, Boulder, Geochemist Posi- 
tion, Gcciritemisi with active research program, 
stable isotopes, radioactive isotopes, aud/nr trace ele- 
ments is being sought for ajoiiiL appointment in the 
Department of Geulugital Sciences anti the Cooper- 
ative Institute for Research in Environ menial -Sci- 
ences (CIRESt of die University of Colorado. 

The one-half time position within the Department 
of Geological Sciences is tenure track ill the assistant 
or associate professor level with a starting salary ol 
$12,000— 1 515,000 for the academic vcar. 

Teaching load will lie half lira of full-iinw facul- 
ty. The position within Cl RES will lx- js a fdluw 
with appropriate office and l.iliornioi y quer. one- 
half academic year salary will l>c gii.ii.ink-iri hv 
CIKES fur two years at ihe departmental rate, alter 
which incumbent iiiusi generate hisdici CIKES sala- 
ry from external s. nines. Incumbent mas augment 
salary further bv genet .mug three uwniihs sum- 
mei salary Irons i oil trails and grants and hhimiIi- 
ing. , . 

Applicants w-iili experience, public at umis. am I'm 
n wvalrle existing research equipment pieteriol. 
I'relcrred starting dale wmild he |.iiuian 1. I'BH. 
Closing date lor applii.tli"iis is October l. 1!W3. 

Applications siu-nlil include siatenxiii of rescan li 
ami teaching inieresis, evjtericiKe. a lull vitae, ami 
four letters «»| i efemxe. . 

Apply to: Prufessm Charles Stern. Cl tail man, _ 
Gcaclictnisi Search Caiininiuce. Dcpartmeiu of Gen- 
logical Sciences, Campus Box 250. University nf 
Colorado, Boulder. CO H0309. 

I lie Uiuversuv id IjAiIiuIm au vqual * q q ■■ <i mi - 
niiv/alliTluatise act ion. Stxlimi 5*11 emplnur. 

Temporary Faculty Poattion/UCLA. _ The Depart- 
ment of Earth and Space Sciences. UCLA, seeks ap- 
plications Tor a temporary faculty position in the 
area of scdinienioiogy, basin analysis, stratigraphy, 
and regional geology. . . „ 

A Pli.D. or equivalent is required. There is no re- 
strict ion as to the level. Duties will include under- 
graduate and graduate leaching, su|iervision of the- 
ses and clisserta lions, and development of a research 
program in the area of specialization. Field-based 
experience will be taken into consideration. The ap- 
pointment will begin July I, 1983, will be full-nme- 
ninc-month. and will "be renewable year -to- year. 

The department hupcs to convert this position m 
1984 or later, but has no assurance thereof. Send 
resume to: 

Chairman 

Department of Earth anti Space Sciences 
University of California 
405 Hilgurd Avenue 
Los Angeles, CA 90024. 

UCLA is an affirmative action equal opportunity 
employer. 


Conference 

FUNDAMENTAL 

MAGNETOSPHERIC PROCESSES 
IN THE PLASMAPAUSE REGION 

October 25-27, 1983 

The University of Alabama in Huntsville 
and 

NASA/Marshall Space Flight Center 
Huntsville, Alabama 

Conveners: J. L. Horwltz and J. L. Green 

This conference Is designed for experimentalists and theorists concerned with wave 
and plasma processes in the vicinity of the plasmapause. Appropriate topics for papers 
te be presented will Include: wave phenomena associated with the piasrrtapause] 
sources and loss of cold and warm plasmas near the plasmapause: ptasmasphere fllung; 
kjentfflcatjon, structure, formation and dynamics of the plasmapause; re ktton8hlp of 
Plasmapause to other Important magnetospherfc boundaries Attendance will be limit- 
Persons wishing to present papers should send art abstract (use convention for 
AGU meeting abstracts) to one of the conveners by July 9, 1983. Information on hotel 
“ttommodations will be provided on request 

I- Horwfts Dr. J. L. Green 

“•PMneat of Phyelce Megnetoapkcric Phyelce Brench/ESSS 

Ta a University of Space Science* Laboratory 

Alabama Marshall Space Flight Center 

*■ HuntaviUe MSFC.AL 35812 

AL 35899 205/453-0028. 

205/893-6276/ 

453.0505. 


cnce* to Dr. David Schw.irtzman. Department of 
GMlogy/Geography, Howard Univenity, D.C. 

STUDENT OPPORTUNITIES 

Graduate Aai lata nlihipa/Ho ward University. 

Howard Unlvenily in Waihfnglon, D.C.. offers a 
new graduate program fur iltc M.S. degree in geo- 
science; made possible by a gram from the Gulf Oil 
Company. Areas or specialization are field oenlngy/ 
geopliysics, geochemistry, and meieorology/hyilroiu- 
g)’ with remote sensing. Sonic stipends anu 
assistanuhips are available. Potential students 
alundd write to Dr. Eric C.liriitnflerwin, Dc|urLmcnl 
uf Geology and Geography. Howard University, 
Washington, D.l’.. 20059. 


J* 

Advertising 

EOS* weekly Frequency means rapid 
publication and delivery of your 
message. 

Communications in EOS result in 
accelerated sales and recruiting . . . 
plus a higher level of awareness of 
your product or service. 

If you are impatient for results, 
weekly exposure in EOS is the 
answer. 

Call Robin Little 

Toil free 800-424-2488 ^ 



1983 VGP Award 
Nominations 

Nominations arc being sought (nr the 1983 
VGP Award, which will he [iicseiiled al the 
1983 AGU Fall Meeting in San Franc hm. Uc- 
u? n liter 5- 1 Cl. 1983. The dc.it Uine for nomi- 
nal inns is July 15. 

The award is given list u single nuisiiititliiig 
conlribuikHi in volcanology, gcui.hemistrv, nr 
|ielTi>logs niatle dining tlie jireceding .i yeais. 
The until ibiitiim may lie (It :i single tiut- 
siaiitling p>t|iet |jtiljlislie<l in aoyjctiiii.il, f‘Ji ,i 
series of papci s that, when taken together, 
constitute an outstanding iniili'iLiuiuti, ur (3t 
any miter contribution thut die Select inn 
Committee considers worthy. 

Am ntenilu'i •■( the <- ieniiltc unnnmnilv is 
eligible lor the awatcl. Altliuvigh the Selection 
Committee is i-i icon raged in seek out scien- 
tists whose work lias nut been recognized bv 


the receipt of oilier awaids, this cltaige is nm 
a rest r it lion oil the award. 'Ihe award may he 
given to as many as live or as few as /eu» in- 
dividuals in any calendar year. Multiple 
awards may cither he shared or si'jiaiate. as 
appropriate. 

Not iiiii.it ions for liie VGP Award muv he 
made by any mcinhcr of AGU. F.avli uumin.i- 
timt niilsi lie ■icctniipatticrl by a wmteii st.ue- 
meiii ol the basis for the iiotuin.it ion. Copies 
ul the eoiiirihinioins) lot wldcii the person is 
iitnniii.uct! slionhl at cot it pans the mum nation 
stale mem il .ippmpi iam. 

Nuiiiinations slimtld be sent to die Vtil* 
Presirleui (|nsepli V. Smith. Ilep.irtnienl ■ »l 
Geophysical Sciences. University >»i t'litcago. 
Chicago, II. Grtli37 1 , oi flier VGP Piesitleiit- 
Elect (CL Brent Dalrymple, U.S. (k’nlogiral 
Survey, 345 Middiefield Road. MS 19, Menlo 
Park. CA 04W5). nr the VGP Sei'iciarr t Pe- 
ter Lipmaii. U.S. (•eulngkal Smses. Uettsei 
Federal Center. MS 913. Dcmei. t. f ) 8921251 
for forsvaidiug lo die Selection Committee 



Announcements 

Flood Risk 

A session on Flood Risk will be held at the 
AGU Fall Meeting in San Francisco, Decem- 
ber 5-10, 1983. 

During the last 5 years, research has pro- 
duced many new and improved statistical 
techniques for estimating flood risk and vari- 
ous quantities of the flood- flow distribution al 
gauged sites. This session will review these 
new ideas as well as review Bulletin 17, as was 
revised in September 1981. 

Topics should include advantages of re- 
gionalization, regional skewness, empirical 
Bayes estimators, probability weighted mo- 
ments and the Wakeby distribution, measure- 
ment error and its impact, nonparamelric 
procedures, and die use of historical flooding 
information. A companion session in the af- 
ternoon will examine ihe senrclt for more 
physically based, extreme-value models in hy- 
drology. The day will close with a special 
panel discussion chaired by John Sdtaake, Jr. 

Mail one copy of your abstract to Jery R. 
Sledinger (Hollister Hall, Cornell University. 
Ithaca, NY 14853), the morning session orga- 
nizer, by August 15, 1983, and the original 
and lwo copies of die abstract to AGU by 
September 14. i 

Watershed Models 

A session on Treatment of:Evapotranspira- 
tion, Soil Moisture Evolution, and Aquifer 
Recharge in Watershed Models will be held ot 
the AGU Fall Meeting in San Francisco, De- 1 ; 
cember 5-10, 1983. Following the successful . 
1981 session, Impaqt of Richard's Equation, 
the Water in the Unsaturated Zone arid 
Evapotranspiratibn Committee has decided La 
pursue the topic with a session even more • 
specifically devoted to applications.' 

The session's invited and contributed pa-' . 
pert will explore the manner ih which tiie hy- 
drologic phenomena of evapotrqnspiration, 
soil moisture evolution (including intefglqw), 
aquifer recharge, and aquifer return flows 


or river basin models. Papers addressing die 
physical or conceptual basis for the treatment 
of the hydrologic components, ihe detailed 
structure of the mathematical models, the va- 
lidity of the approaches taken, the laboratory 
or field verification of the approaches, the 
ease or calibration of the subsurface parame- 
ters, the experience in use of the models, etc., 
are welcome. 

Prospective contributors should send three 
copies of an abstract of their paper as soon as 
possible and no later than July 29, 1983, m 
H. J. Morel-Scytoux, Department of Civil En- 
gineering, Colorado State University, Fort 
Collins, CO 80523 (telephone S03-49I-5448 
or 491-8549). Please mail the original and 
two copies to Meetings, AGU, 2000 Florida 
Avenue, N.W., Washington, DC 20009, by 
September 14, 1083. 

Geophysical Year 

New Listings 

The complete Geophysical Year last ap- 
peared in tne May 31, 1988/ £ 09 . 

A boldface meeting title indicates sponsor- 
ship or cosponsorship by A9V' 

Jan. 16-21, 1984 Penrose Conference on 
the Evolution of the Central Atlantic Ocean 
and its Continental Margins, Giens, France. 

(J. Sriugy, Laboratoire de'GCokigie Dyriaml- 
• que, LA CNRS no. 132, FacnM des Science* 
de Saint Jdrflme, 13397, Marseille Ccdex 13, 
France; telephone: (01) 98 90 10, cxi. 510.) 

May 28-Jube 2, 1984 I2tli International . 
Congress pn Irrigation arid Drainage. Fort 
Collins, Colo.’ Sponsor, tlie U.S. Committee 
on Irrigation, Drainage.' irid Flood Control. 
(U.S. Committee on Irrigation; Drainage 'and 
Flood Control. P.O. Box 1 8326, Denver, CO 

■. 80216 .); :• , V . 

- July '19-25,-1984 Symposium. qn Wave, ' 
Breaking, Turbulent Mixing, and Radio 
Probing of the Ocean Surface, Seqdiii, Japan. 
(O. M. Phillips, Depanment oF Earth and , 
Planetary. Sciences, Johns Hopkuu Univeipsiljr, 
Baltimore, MD 21218; telephone! 301-338- 
7034.)-'. V -i 
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Separates 


To Order: The order number tan be 
found ai ilic end of each abstract; use all 
digits when ordering. Only papers with 
order numbers are available from AGU. 
Cost: S3. 50 for the first article and Si. 00 
for each additional article in the same or- 
der. Payment must accompany order. De- 
posit accounts available. 

Send your order to: 

American Geophysical Union 
2000 Florida Avenue, N.W. 

Washington, D.C. 20009 


Aeronomy 


0459 Aaronmiy (General) 

OBSERVATIONS OF IHEBUYFIIERIG DYNAMICS AT BICH LATITUDES 
FROM GROUND AND SPACE 

John H. HerLuetlur, Jr. (Bpaco Fhyalcs (ascarch Labora- 
tory, Unlvaralty of Michigan, Am Arbor, Michigan, A 1109) 
Cnprohenoluo eapertacntol investigation! or th* phe- 
nomenology of Eha r-ri|l«n neutral wind and Ian convec- 
tion at high latUufu ccabiood uith laprovad theoreti- 
cal modelling af forte hova raaiilled io aajor advancae In 
u» entreat under atend Ins of thorwephorlc dynalcs of 
this region. Ha revlav tha recent program in chin 
Meld. (Thermoipharie dynamic* , review) . 

Red, Bel.. Paper 150781 

Exploration Geophysics 

0920 MeiBotle and electrical me had • 

TKt HAWMtlC AH9 TUU1UR ElECnOXAGNETIC RESPONSE OF 
A THIS Dipping Din 

F. Valdai t (Bundieanetalt fur Oanuiaianechafcen and 
■Mietaffi, D-3QM Huuwear, Vent Gaimeafl 
Aa aetet eolation la Riven far tha elactraaaiaatic 
Induct ina In a dipping dike of finite conductivity, 
repreeeated aa a thin balf-ahaec to ■ nonenndnac log 
ear to jading. The problea It (nraulated for arbitrary 
dtpala ar circular loop T„ - 71, configurations. The 
foranl solution obteined by the Blcntr-Hopf technique 
ll coal into a rapidly convargeat triple inlagrcl 
eulteble for u efftctlva nuaarical traataent. A goad 
■giemnt it found between nnatlcal retulti and analog 
neeeuraaent • avalltbla for hereon le axe Iter Ion . The 
Irani It Ell raapontt it obtained at a auparpoell loo of 
Iho btlf-theec frea-Jecay aodae and it illuat rated by 
■oaa nuaarical aiMplai far colacidant loop*, Including 
a diagram for (ha approximal* dec a rat a at I on ot 
conduct tore and daplh of a vertical dike. 
azOPHTBICR, VOL. AS, TO. I 


0920 Magnetic end electrical nethaJe 
PIRITC-DirPKUHCE CALCDLTIONE OP INK TRASS I ENT P|gLD OP 
AV AXIALL7 BTHMETIIC EAITK POE VERTICAL MAGNETIC D[ POLE 
SKITATim 

H.K. Ooldaaa fDcparcoent of Gaaphyelci, Colorado SchooL 
of Hlnea, Golden, CO 10401) C.H. Itoyar 

A finite -dirfarence formulation of the caulal-loop 
or wire-loop tranaianl alcctrougnatie (EH) proa pact log 
■»*(■■» la wood to aodol tha field froa a burled 
cylindrical conductor whom acta la coincident with 
chat of tho field ayatoa. Solutlone ere obtained 
directly In the Lina doaialn. Tha fornulctlen la 
inpllolt and cwo-diaane loot I (l-D) la apaca. Tho 
variable-direct tana aathod rodueea each advanco of ona 
ntep In tin* froa one 2-D prablan to a largo aunber of 
ona-d intis iooal (l-D) problena. Tho retult it a 
reduction In aoapucattonal effort. In ordar ca erold 
Including the air in the Ms Ite-dif ftreace grid, ea 
Integral aquation approach la uand to foraulace tha 
aorfaco boundary condition. Thue. two into of l-D 
Elotce-difforaoee aolutlone end ono Pradhola integral 

aquation eolation era required for aieh aeop forward In 

Kina. Cob per loon with analytical aolutiona ahowa 
aseallant agcaaatat in Che cam of a four-layer earth. 

All coagulation! uara carried ouc far a perfectly 
conducting bancaooi, bat tha aclhod can ba uaad for 
Cinltcly conducting baiaaoat aa nil. If the baeeaaat 
ta an insulator, as additional Integral agnation 
solution la required on tha lover boundary. 

Haaulta for a bar Lad cylindrical conductor ohaw thee 
chare Is a high dagtaa af mniMivity ca conductor 
alia, lover ■ ion or trieiliacc ta A stratified aadal can 
ba ueaful If che effect of finite conductor ilia le 
**Ven loco account. Par cylindrical conduct ora with 
latarel aatottc coaparabla to or targar than the 
soocca-racaivar oapirilon, the Inversion result, era 
valid. Por conductors with lateral extant anal I 
conperad with aource-recalwar aeperatloa, tha lavarnlao 
will yield e at rat I (I id nodal which ehowe hatter 
agreaaaat b a tween aetoel and iavartad thiehneixea then 
caaiaciritiaa. The involved reeUtiwltiei are aeaewtat 
higher then those actually present la thia eaea. 
Glomsics. VDL. 43, NO. 7 


0999 General or niece I lensout 

GEOTHERMAL PHOBPtCTITO WITH 8HAL10-TCHP BUEV1Y8 

L.A. LeSchach (Lalchaak Aeaocietgoe, Ltd.. P.D. Boa 

446, Long Kay. Florida 31001) J.E. Louie 

The BhelLo-Taopwaurvsy ta en Inexpensive end rapid 
"flrat look" geophysical technique char is uaefnl in 
planning tha non tradlcianal and coatly reconnaiaaaaca 
drilling gsochanal exploration program. The technique 
(I band on asking any sail teaparacura aaaeureminlB 
it 2-a daptha aver a given exploration eras and 

correcting th for tha afracKx of 

alarit ion and aurfxca geologic and macaorolagic 
conditions. Car race Ions for surface conditiana are aide 
with an “anoual wove correction nodal." The outpuc Froa 
the aodel la tha nornelly axptcted 2-a taaparatnra for 
eha given ait a at tho dace for uhieb input data warn 
provided. The difference batiiean tha Matured and 
coapatnd 2-a ceapereturs data raproiante efftrta of 
gaothirnal heat fleu. A Shellov-Ttap residual nop in 
conparad both to a 2-a teaparatora nap for a specific 
date (flaptaaber, 1977) and to a naan annual 2-a 
tenpereture up for eha Coao known gaol haras I raeourca 
ana prodneleg the taoa anoaaly pet tarn in each cane. 
Additional cane history stadia, at Upaal Hogback La 
Nevada, and Aninot Valley In Naw Mexico provide 
evtdaace to auport the applltebilicy of eha Shallo-Taap 
technique throughout the Satin end tinge Province. Tha 
technique developed la not designed to replace 
recamalaeanca drilling but tether help focoe ataodard 
reooanilaiBBca prograae. Tha two poeanclally aoet 
rail ah la applications of the technique are in extending 
tranda where standard racoonalilaneo holes hive him 
drilled or filling Ln detail hetvetn widely epecad 
hales, end in aurveying for aair-iurleca snoaallae that 
night ho devaloped for direct heating applications. 

VRaglatared tradsaark of LoSchxck Aaeociataa, Ltd. 
omnimcs, vdl. as, pd. 7 
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31)0 Groundwater 

AQUIFER THERMAL DIERflY STORAGE! AH ATTEMPT ID COUNTER 
PNft THERMAL CONVICTION 

P. J. Holt (Civil foglneorlcg DapATtMnt, Auburn 
Onlvaralty, Alabina, 76849), J. G. Helvllla, 0. GUveo 
and A. D. Fart 

ln provloun Aquifer Tha teal Energy Sloragn (AT If) 
experiaenta, appreciable free tharnal convection vaa 
abearrnd. Ib an at leapt to counter tha datrlaantal 
effects of coaueotlon, a dual recovery wo 11 ayatoa vaa 
constructed sc the Kabila alts, and a third Inject ion- 
atoraga-racovary cycle perfumed. Uelng a partially 
panatratiog well, cycle 3-3 injection began on April 
7. 19S2. A total of 36,680 ■* of 79*C water warn In- 
jected. After 37 days of storage, production began 
with a dual recovery mil aye tea. Due to the dcmlnat- 
lng afreet or noobCBogmeieiae, the dual well ayaiea 
did not work particularly well, end a rucovery lector 
of 0.42 wan achieved. The degree af aquifer hatara- 
ganalty at the location of tha present experiaenta was 
not ippstsut during previous riper Incur e at a location 
only L09 n away, although punplug latta indicated 
nlnller values of t manias tv icy. Tha re fora, aqoifeta 
with the sens ttaoealaalvlty can behava quits differ- 
ently in e t banal mnsu. Hut conduction to tha upper 
aquitard was a aajor energy lean radian Ira. Vatar 
aaapla aoslyaas (ndlcatod that chare wars no laportant 
chaogaa in tbs choxlcsl const it uenLi during tha 3rd 
eat of oxpsclsaatl. Thar* was a 192 Increaao In total 
dissolved solids. AI tba end of injection, tha land 
surface neat the Injection wall had risen 1,19 cn 
with teepee t to bench narka located 70 a away. 

(Aquifer, l herns l, energy , at or age). 

Meter Rsbdue. Ret., Piper 3H0780 
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3770 Particle* end Aarosola 

JN SOME RADIATIVE FEATURES Of THE EL CHICHON VOLCANIC 
STRATOSPHERIC DUST CLOUD AND A CLOUD OF UNKNOWN ORIGIN 
DESERVED AT KA0HA UU 

J. J. DoLulal. E. G. Dutton, R. L, Coulson, T. R. 

DePoor, and B. G. HeedonCs (KOAA/ZRL/ARL , Boulder, 
Colorado, 80301) 

In (bin paper vs praaanc oooe raaulta of our Initial 
optical obnnatlone of tha El Chfchon volcanic cloud. 
Thaxa observation, win Bade at tha GHCC Kama Las, 
Hawaii Observatory, and conn 1st ef Ildar preMlae, 
npticel chlcknam, xpictrel vat let ion In optical 
thlcknean and changes In global and diract aolar broad- 
band fluxes. Particle alia dfitrlbntlan and cloud naia 
in form cion contained in tha optical ehteknasa ohaarvx- 
clona rra dlacuaetd. It la claar that tha ataosphstlc 
tad laelva af races of tha R1 CM chon cloud far ancaed 
tha af facta of all othar volcanic elonda ohaarvod be 
Hbuib Lea ainca observations wars bagua In 195S. 

J. Gasphya. Baa., Grim, Paper 3C0814 

3770 Parc Idas -nd anomie 

AEROSOL HEA5UI INIS AT FOUR BACE6MUHD SITES 

B. A. tadhaln- Ganpbyaical Monitoring for Cl lea tic 

Chtnga, Alt R uirces Labors tot Lea, DMA. Boulder 

Colorado, 8D3 ), 

Atuoepharia nonlcorlng acatinam art opera ted at Barrnw. 
Alueai Menu Loa, Bewail; Aoartcin Samoa I and South 
Pols by Lha Ceophyelcal Monitoring for Cl Iras tic change 
prngrxn to oasaura the characterlatlca of goeeoua end 
aaroMl apeclm under background conditiana. A nearly 
continuous record of Ughc-Sca tearing coefficient end 
condensation nuclei hoc *n nation aueuresente Is avall- 
,l0 “ »71, Heme Lo. elcc. 1974, itaom 
Blnce 1977, and South Pols lines 1974. Tha Barrow light- 
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scattering data exhibit a eriang annuel cycle with a 
nexinuB la vlntac and spring (tha Arctic haaa), and 
a ulnlaum In lunar. Tha Barrow coodiniatlon nuclei 
data exhibit a strong aealennusL cyola with a maximum 
coinciding with that of light scattering and an sddl- 
tlunal anlaa about August. Tbs Hauna las Ilght- 
acetcatlng data show a atrong annuel cyela with a maxl- 
■iii la April or Hay caused by long- range transport of 
Alien dasarc dust. Tha Hawns Loa condensation nuclei 
data show no significant annuel cycle. Tha Ssooa llght- 
acat taring and condensation nuclei date act tapteaenta- 
tlva or a clean narlne a tnc sphere and exhibit no algnl- 
flcenc annual oi diurnal cycle. The South Pala light- 
scattering date show a coaplicxtsd annual cycln with a 
naximna In tha austral simaer and a mlnlnon about April. 
Tha austral winter la dominated by events oost llkaly 
caused by tba transport of see salt ln the troposphere 
froo tba cosetsl regions to the interior of tha Antarctic 
continent. The South Pole condensation nuclei data show 
a repeatable annual cycle with a oaxlmum in the austral 
ewer and a o In Iran In eha austral winter. Linear 
least squares trend analyses show no significant long- 
tarn triad coopered to etas standard error about tha ra- 
graialon 11ns at any station. 

J. Oaophya. Res., drawn, Paper 3C0762 

3790 Instrumtnu and techniques 
RAINDROP-SIZE DISTRIBUTIONS AND VERTICAL 
AIR MOTIONS AS INFERRED PROM ZENITH POIN- 
TING DOPPLER RADAR WITH THE RONSARO 
SYSTEM 

D. Hauler and P. Amayanc (CNET-CNRS, Centra de 
Roche reh** en Phyilquo da I'EnvIronnement Ter retire 
ai Plandtalra, 31-40 rue du Gindral Laclerc, 92131 


Iny-Iet-Moullnsaux, Franco) 

This paper dealt with rcfultl oi raindrop- size dlatrl- 
butleM and vertical air molloni Holt from vertical 
Incidence Doppler tpectra gathered with one radar af 
the RON5ARD lyiiem. RetulU are obtained In two 
dilierant cates of itralironn rain by ualng a naw 
method recently proposed by tha authors, bated an the 
hypethnl* of exponentially shaped raindrop -lize dlslrl- 
butlonx. It ie found that thia method produce* vehiea oi 
Ihe rainfall garametwa with higher ibne and space 
varlibllliy than those depicted from die well-known 
Rogers approach. Moreover thp rxlnlill bulk parameters 
are accurately connected only by means ol three 
parameters relatlonahlps. For ona case, the results era 
compared to In altu measurements ol raindrop-ilza 
distribution* aboard an aircraft and Indicate that the 
proposed method provide! with satisfying estimates of 
the precipitating water content and or the median 
volume diameter oi raindrops. (Drop-size distributions, 
stratiform rain, Doppler radar). 

Rod. Bel. , Paper 3SD835 

3790 InitniiBnta and techniques 
A GBGBALIZEX) ANALYSIS CF GUAL-KURIEATXCN NAEAR 

raas&MSfn cr rain 

D. P. Eugar (1101 Vlata Oake Heat, Palm Bay, Fla. , 

USA. 3290S) T. Pratt 

In the study of i ftn o s ologloal phenaiana by radar, 
it has taro ehan that dual-polarization radar naas- 
utBBita can yield useful data about pnclpltatiin 
■tructurea within the radar bean. Ttw techniques 
av atlnhla for duol-poLarizsd radar maaument am 
differwitUl refleoriviry (Z^), linear dapolarlxa- 

ticn ratio (IDS) , and circular depolarization ratio 
K3K) . This paper proeenta a theamtical analysis of 
backacattering fra* a uolune filled with rairdrcoa 
ualng Rayleigh aco tearing theory, a gmerolizad 
radar equation U developed in ratrix fam and the 
dBpandenca of baoksoattsr nwasuranonta in tame of 
a rainstorm imtel lnoludlrej ralnJccp shape, size anl 
canUng angle le oxamlned. Calculated results which 
ataf tha deFondanoa of ^cn bam elovaUan angle 

and polarisation anglo are praeanted. Sera seeulta 
for IDS and CDF an proaanesd ahjjlrg how tteoa 
(puntitioa daford cn raindrop paranetara. (Duai- 
polariZatJ.cn radar, Rayleigh mattering. Rain) 

Rad. Sci. , Papar 3S0382 

3799 Dinars l (Oiooa Change,) 

BTRATOSPURfC OZt&l CUANGIg AND TRANSPORTS DURING THE 
FIRST YEAR OP 3IUV OBSERVATIONS ROVBHSER 197S - 
0CT0IER 1979 

R. H. Hagaeani and A. J. Htllar (KMC, Cliware Analysts 
Csatar, Msahlngrea, D.Q. 20233) 

Synepcta aailyaai sf Solar Backaoacrarad Dtcravlolec 
(SUV) osuna data have bean perforaad on a daily baala 
for lha flrar year of Nlnbua 7 ops re cion, Novaabar 1978 
LhreBgh B Octaber 1979 at the standard pressure levels, 
30-, 10-, S-, 2-, 1- and 0,4-nb. Sy aonblnlng thaaa 
dare with tha dally ME cataoro logical ana lyase of 
tsoperatura and gioarrophlc wind st tba u« levels wa 
ara able to axanlni olewsnca of tha oions-teBparsture 
relationship aa wall aa tha harlioncal tddy cram porta. 
In particular, eha exlitanee ol an upper stratospheric 
high latitude oitas sHulnn ln winter la discussed with 
the addy ftuiai found to play a significant role ln 
this feature, ualoly associated with stratospheric 
waning pulses. At the laaa tin, ninthly average 
quantities are essoined and standing addy cooponente 
rotated. 

J. Gsophya. Ran., Craan, Papar 1C0779 
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4713 Circulation (Equatorial Pacific) 

1NTERAHNIIAL VARIABILITY OP THE EQUATORIAL PACIFIC — 
REVISITED 

A, J. BuaalacchL (Oeddsrd Lsboretory for Ataoapharlc 
Sclenesa , NASA/Cnddard Speoe Plight Center, Oraaobelt, 
Xaryland 20771), E. Tekeuihl and J. J. O'Brian 

A linear tuimrlcal model forced by monthly 
■Up-board wind eat lex tea and ta study tbs intarsnmial 
rasp earn a of tha tropical Pacific Ocean for 1941-1970 
(Busalacchi and O'Brlon, 1981) ta extended through 

>978. Tha additional sight yaaca include Che 
1972 and 1976 Lea Nino* and the' aborted event of 1973. 
Model pycpocllna variation! at eeveral loose lorn ara 
coopered with observed see level fluotuatlone. El Nino 
evenu era dsplctod-as period* when tha pycnoollna Is 
paralitaatly deep along the eaatarn boundary. Senate ly 
forced equatorial Kelvin wavaa ara re a pons lb la for this 
reap mu a. Tha character of each alailated Et Nino la 
strongly dapaodent en tha ralation between iooal wind 
a trail change* ln tha uaatarn and central equatorial 
Pacific. Than ara iaportauc difference! lo the 
location end Liming of tha wind changes associated with 
each El Nino. During the 1970'a tha eoaterlim in the 
cenenL equatorial Pacific had more ef aa active role in 
tha evolution of El Nino chan in tha previous diced*, 
in tha western tropical Pacifica rapid Shoaling of the 
pycnoollna Airing oath El Nino is caused fay westwerd- 
propagetlng Roteby waves. Interannual pycnocllas 
dlsplaeaasnu In che eentrsl equatorial Taciflo era 

; h »'“P«P«ielon of Eolvin waves excited 
» tba vest and flrat horixontal aode Rosaby wavaa 
genantad ro tha eeac. (El Him, rmaota forcing, 
equator tsl wavaa) 

J. Goophya. Has., Green, Paper 3C0776 
473G Internal Vsvee 

TIDAL PHASE OP TBIERHAL-KAVE OENlgATION 
C. Ittjll 

SASSERS 

Ihe tidal phase at which ocean fotamal wavaa are 
sauratad 1. axsuinml u.ing two mti ™d.M! tS 
flrat data aet, consisting of 21 time serial of in- 

lxatai with ^ «»- 
tfuental aha if edge on satellite lmgaa, clearly in- 
diaetta geaaratloa near flood tideT Obsorved foes- ' • 
tlaa of wave pggkat coofltqa tha axpartatlm baud 
on theory thst fot.msl-wavs gmeratloo onoors at the 
shelf edge. Hava spaed is determined from separation 
Md!? ta ifc? ,lrl h* »t auceaaalva 

“ d ;*‘ IK* »p~*. kith diataoc* of . tba nsaraat pooh- 
•t from tha shall sdga, datarminea the .time Of Hur. 
atlea, Goaparlieo to predicted tidal phage above 

SH5.‘of nIS , “V“? r,ti " i 1-1 m wlchln S.2 , 

baufa of flood, and only pna of tha 21 values i- 
: a ": r . t ®« hh M-Od. The heanvafoa of can- 1 

■ration tin relative to aoxlane f food l. -Q.g 1 

and the aadian Value ia -fl.i hour, n,, imsgse cover 1 
all phsaax of 1 thS tidal oyois,. and tha rejylt appaqra 
te-ba rapraasntativa far shall gsxarstloa. • • 

■ In lie aaccod fata lit, Obiarvatloas oftharaai 
oirillsUona shoredard.bf « sill 'cop Re modelled 
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either as gsnsrsted shortly after ebb tide oe tha 
■aavsrd side of the Bill, or slightly bafora flaed, 
on tha shoreward aids. Tha shaxaee io bath ait a el 
obaarvatlona of evidence ef Internal vivas Baor 11a 
■ill or seaward of the sill, poloce to floed (nat- 
ation at tha sill as wall ss at che shtir, (lund 
uvea, tidal gaaaretlou, satellite imagery), 
f. Geophya. Res., Green, Paper 2C17BS 

Particles and Fields— 
Ionosphere 

3S3G High-latitude ionoepharia current a 
HIGH-LAT nice IONOSPHERIC IRREGULARITIES! A REHEY V 
RECENT RADAR KSULIS 

C, Hanuiae (L.S.E.E.T, La Glponna, Bd des Anarii, 
83100 Toulon, Trance) 

lomapherlc bhibI 1 -scale irregular! tin en coamrir 
datected with radar ayitami In both E and F raqtom 
rron a ub- aurora I latitudes ta tha polar cap, In UeE 
region, nueeroua obaervatlone performed at rraqunlm 
rrom Hr ta UHF hive led to an undara Larding of Ue mu 
featurea of the generating plasma Instabilities, On Ui 
other hand , F region lrregularitlea can only ba 
detected with HF radars due to tha aspect esnalUvItj 
or tho ochooa and the ionospheric refraction at Halt 
Frequencies. Oapplar atudlee have bean parrorwd onlr 
recently but have already ahoon that aivarei trtllJJW' 
plaame inetablllty mechanlema can Bxplain lha 
observations, Us review ln thia work tha radar 
observations of these various natural irragularltln 
el th emphaala on the recant raaulta and thaii 
lnpl lest Iona for the theorise of their generating 
mechanisms. (Hlgh-latitudn lonoBphara, plain lnalabl- 
lltloa, lonoepharic lrregularitlea], 

Rad. Scl, , Paper 3S0633 

5540 Ian danajrJoa and tempo re turea 
DIRECT MEASUREMENTS OF ION COMPOSITION WITH 
B 1 SCAT Til THE HIGH LATITUDE Pi REGION 
C. La* hull ldrs (Centre d" Etudes daa Ph6o«i» 
AlAetolrea at CjAaphysiquea, BP 44, 38402 Sali'- 
Martln-d ' IlArss, France), G. Le jaunt, Vf . Fttcx 

He present a method for obtaining 0 ralail-' 
abundance directly from the aulocorraUUo 
Cunctiona maaeured by EISCAT ■ no aiaunptlor ll 
made on »h# tempo returaa. 

RsBUlts of 0+ relative abundance and 
turee obtained almultaneouely era show 1 
2D hours period on Hay 9, 1982 and the time vr 
rise Ions of O* relative abundance ■(* cooparx 
to previous work. 

Pad. Sci., Papar 3804)1 

5340 Particle precipitation t ? 

ELECTRON BHEBGT DEPOSITION IN TUB MIDDLE AMS7HW • 
A. L. Vampola (Space Sciaacai LabwaiorT. n * j 
Aereapaca Carparaclon, P.0, lor 929S7, Loo Alvg«l ,, ■ 

CA, 90009) , end D. J. Camay 

Bpectra oi tonally precipitating 1* “ 317 , 
elactrona obssrvsd by the S3— 2 oitilUte sis “J 1 ' 
calculate energy dapoaltien prorilas as a ° 

altitude, latitude, and longitude, le lh» 
aitltuda, eidlscltude ionisation due to 
ulectroni can ba comparable to that doa “ * . 
solar H Lyman a. Mxxieue avarega P'^'R 1 '* , j 
ratal in the Bauch Atlantia Acsesly it* lhB ‘ lkl * 

or 10~* „ g ( par e «J-, oe ) with ■ spiel*- s« 
faimi 

)(E) ■ 1.34 x R* 1 ' 11 ttaV) 

Routharn hsmiapbere pticipltatinn doelnscis nBI *^ 
for 1.1 < L < 6 iarept for tigioeB f* W I ?L 
surface field in the north. Above L " ■■ ' K *. |( 

• (Fiats dowlnataj i.e., leagitudinal sflacu 4 
the aayaeetric magnetic field whieb ,w ' . 
ieeturaa below I. ■ 8 disappear and sra rspl“ 
high- Latitude precipitation avants 
local-time faatutaa. (alaatroe praeipH*' 1 " 1 
d- region, ateoapherla loniaation) 

J. Geophya, Rap,, Blue, Paper 3A0773 

5540 Perciale Preaipitetlan — m uH 

STUDIES OF SPORADIC E (Ei) ASSOCIATED H1YB THX » 
IONOSPHERIC TROUGH .wi.lsb 

A.S. Badger, C. Morrell end J.B. Dvd.nsy ^ 

Antarctic Survey, Hadingley Hood, Caahrid|*i 
Tha occurranca of epo radio B (la) undar tha 


ina occurranca or apcreaia u -- -- , . 

P-ragloa trough baa boon aatahUahed «L 

from a vortical incidence lonosonde at “‘*■7 
Antarctic. (76*8, lAl! L - 4.2). a .!(• , 

for auoh it Lidias a a the trough can ba aoaa 
vida range of nagnetic conditions and !“•* - 

Aaslysls thaws that El la vary frequeot^ *■' • ^ 

imder both the aquatotvard and pol«ard 
trough, as wall is poleward of it. Belore rir— i . 
midnight , Ea layer! with isel-thlcka» s« *1* * -j, g 
those of tha normal E layer ara moat , lir -»le 

in marked central t to the foyara loan altar ^ 
midnight which usually ahatf tha ahoxaetaria 
this El layara. Additional infonvriao 00 «" ^ |h 
morphology and dynemica af Ba layara assoc |lw h" I 
tha main trough hu been provided by d* 1 * 
or bidlvidatl ovanta ualng data fro- J®*. _x. r . . 1 

Antarctic Surrey's Advanced Icoospherio Tftv.—ur" 
recently deployed at Hal lay Hqy. * P 01 * ,. T 
acion af tha observed ebxng* To tba j. 

ahiractarlttica et about magnatlo midnlp . j & 
related to dlffaTenrea In the type and *P * 1 

preaipitatiflg pertlelea, Tba alfaota °* . J, '» ■ 

piocaaaea In the E-xagien «s also 
possible caliae, Tt la atuwn Ikat ,j W, 

of loBlaetiau by tha conviction el *“ rl0 ^h). . • • 

leporcent. (Ea lxyare , main IaOOlpha( ,e ; 

Red. Etl., Papar 3E0613 

5583 Pleoma motloO, ooaveBtioO, or 17 . 

EARLY MITHRAS RESULTS ■ THK ELAOTRiO-Pl^ '”' 
BUBSTORKS . ** 

O. do lo BeaajardlerO (Radio fhyaie* 

International , Kenlo Pert, (JalifmTila 
and B, Nielsen ' i Mwor**^ 0 ** 

The MITHRAS deed bee. of fare ■ uOlqua “PP^^ti- 
ebeerve eleultaneoofly the auroral -»»■ |# 

pattern With three radera, widely »*F*f .^.il-t 1 ** 

He attempt Lo e'epareie lpoel-Kfoe ainitera *•” 

Offeete In a study Of the else trlc-f »•>«, 

. dated, with suba Lores. Prelfolnery 1MJ L til*'' 

that thle sign store -le ilmlleret 4 S 1 **"- m tb» '• 
regardless of the longitude ef the ,‘,i7 u Ln”' 1 * 
dawn and desk iHtats, the eleotrlo *»« .l«cirl e . 
fled, whereas around noon and nldnllht- Tb*-F°^r 

field eppeera to reverie during a •"* .iLnd'i** •' 
Kiel drop aaraee ths polar cap can be rl jsr ***• . 

the potential serais th* earoral ■,((( iMfV 

agree well with the relationship touM f > f, 
worts rs between Che eolat wind eoerif P* {on**® 1 ■ 
'the cross tell potential. (Eleetrl* £1 ' 

subs tore, liuotisrenc matter.) 

• Bad. Sci. , Piper 38(1634 
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OT TH* MAIN F- REGION TROUGH IN 

A.S. Rodger and N.J. Jaivii CBritleh 
i’Jictic Survey, Itadtngley Rood, Cartridge, CB3 ORT. 

< "fllj d siadias Ol the equxtorward movsmsnt of the mile 
e-M«l« trough are preirnW. uelng data recorded by 
TaIiIcsI ionospheric saundar located at Salley Bay 
jJAj 2J°B; A. - 61.8, L - *.*>■ Tkr** eventa were 
diassn to give a rinse of magnatie condition, and 
laoll ties'- Compel i«n of tha remits, projected 
,n tbs tqua Cartel plane , with theoretical 
siedlttUfli of the li^>ll 'taar-drop' modal of the 
elasewaaaai "h®* remartahly good sgriacnant for che 
EVO oKSiIouJ I*«n tha Laval of axgnecle activity 
urinal ■ppToxlmately constant over th* observing 
-xlsd. ConJiqontly, tatlmeraa of th* Itrength of 
As dswr-dusk eoovictlon electric field in th* 
ewticoaphsra have bssc made, Hwaver, magnetic 
T^lvity changed during th* ccun* of the othar event 
oi th* comparison gas* pear raaulta. Th* main 
r-iigl« trough results ars also coopered with eha 
■ffdlctiaui af cootempocery emilricnl aquaLlans which 
sxpreis tbs Invariant latitude of tha trough’ minimum 
a , riBCtiH of local tima and magnetic index, Kp, 
bend an global aerellice survey*, ft ie shown that 
ar . ot tteaa iqustiona adequately account* for the 
ebssned tquacarvard motion ot tha trough for chaso 
ihM eases , la particular, they contain Insufficient 
illaiiirca for the observed atrong depaadancs of 
tqustorvard velocity upon magnatie activity. Sums 
is l UJtIcn* upon possible (mprovamontx to tht 
txplrioal Kdxla are made Milch, if implemented, 
smld ba of grist vslus for improving tha reliability 
of pndictians fur high frequency, true-auroral 
radio MV* ccmxin lest Ions . (Dynamics, main ionospheric 
irsagfa, observations, models), 
lid. SCI., Papar 3SDAI0 

Particles and Fields — 
Magnetosphere 

9710 lauraationa batiiean aolar wind and oagaetaaphara 
IBUT FUN AND DYNAMICAL COUPLING 18 THE SOLAR VZED- 
HUHIQSFSZU-IGNOSPUERI SYSTEM 

8,-1. ikasafu (Oaophyaleal Inatltuta, Calve raity of 
AI ilka, Ttlrbaska , Alaska , 99701) 
lha salxr viad-aigaateaphare-lanaaphars aysttm la 
diMrlbad In ■ llaplaat my in tana of a dLraccly 
driven syacaa powerad by th* aolar wlnd-aagnatoaphire 
dyssu. An oacarxca dlatrlbucion af eha reauitlag 
Fsdsriaa ltd Ball currants in th* Lo no a phi re , tegs char 
■1th tha corraapocding aloe trie potential paetarn and 
tba Jeula hiat produeclon rate, la also praiantid. 
Iltld-tligaed currant! raltted to Che louaphara 
carranta Ittroduea ■ sansidarabla conplexity ta thia 
slapli visa by generating ■ potential drop along tha 
guaagnatle field Hue end thus providing auroral 
pbteoHU. It la ahovn alia that tha gaaoatry ef tba 
span flsld Una regies, namaly tba polar up, varlaa 
drsitiealiy is tha fo coaponant of tha interplanetary 
xsgeatlc field beroais poeltlve. Therefore, one Boat 
ba aaoileea orgatlxlng and eailyxlng data froa the 
hlgbast latltode region. (megutoapbere-Ionoephan 

celling) < 

Ud. let., Paper 3507J8 
5755 Plaint 7natabl lltloa 

nWfSIRlAL Y5 JOVIAN Vlr CHORUS) A COMPARATIVE 81 Jiff 
C. S, Ecu (Space, Telecnmunlcecloisa and Rod load arte 
laboratory, Btuford University, Stanford, CA 44305), 

■- A. Soil ival 1 and H. 8. Kurth 
IhS relevant paramotora of tho nagaetaxpharae of Jupl- 
tir and firth an studied from the point of view of 
van-particle raacnnnt Interact loon that aro hoi loved 
to ke Teiponalble for the generation oT VLF churua 
tnieatcei obaorvad on Voyager- 1 . Uelng axle ting models 
ef the cold and energetic plasma dlatrlhutiooa ln the 
Javlaa Bagsetoapherc, BXproaalons for the w aV a-per[|tle 
Uirracclon length (Lj) and tho nonllnoarlty parameter 
M are derived. Values of tiieeo parameters are com- 
;*nd with those compuLad for rhe Eerrh'i magnetoephsre. 
ll la foimd tbac the typical interact lun length, are at 
litai 7-5 titan larger in the Jovian than in tba Tar- 
aurlal nagnatosphare. Also, tha wave Inrenelcy necea- 
«n to reach che threshold of nonlinearity In tha 
hvlan uggatsapfaera vaa found ro ha up to 5-100 tirae 
t—r. Tfai Vnegar-1 ooaeuramantB show, however, that 
or lofsired wave magnetic (fold Intensities of the 

chora* are In the range of reported lnrenJiiles 
, chorus. This Le attributed to tha 

i I?* 1 tha (luxes of few kaV raaonant parr teles found 
the Jovian osgnetoiphara were typically two orders 
’‘eagsltude bighar. By the same token, Ir Ie predicted 
'oophrai growth ratal of Jovian chorus bursts 
ty 7 Ic * 11 * hlahor than Terras trial onsa. 
rwui rata ccasorements on Voyager-I broadband wave 
■ ere used to confirm this hypo chaste. (Jovian chor- 
r, “» fotertcrion length) 
i, wsophys. las., gfoa, Paper 3*0794 

Nrlod VanUtfons) 

aitLLITI 0BS1RVATI0HS OF PI 2 ACTIVITY AT SYNCHED RODS 

!' J**?" 1 (fcpartment of Engineering, AerontuLlna end 
JiPiIi ™ 1 * 1 'h'lveralty, Hlratauke, 259-12 

Soi.».L. '. K 2 Ph,rr “ (Department of Berth and Bpeai 
iJ 1 * lnatltu *0 ef Oeophyaias and Flanatary 
9MM) * Dallfornln, Lot Angeles, CA 

— 1 “A"«bl6 pnleetloM are frequently obaervad at 
i£s "e 1 * f rblt thl D* 31 -* fluxgata sign a toms bar on 
btta thBt «dnrr*d in September 1974 hnva 

ttilm. . n * lB * ^UUal power apeotra and ooherenay 
«sm™.. »v« oharaotariatloa. From 

n a of 1 * 7a form and apeotral analyala, these 

la , “ n bB divided into three types. THb first 

or * (DD-saoond oaolllatloo and a 
asawvii Ul '‘ 4 *' (■(Rhar-fraquenoy Pi 1 activity. Tha 
“ 1 'DD-iaoond wave uuoacapanled by Pi I. 

AGU CHAPMAN 
CONFERENCE 
ON MAGNETIC 
RECONNECTION 

October 3-7, 1983 
Los Alamos, New Mexico 
Convenor: E. W. Hones, Jr. 

Abstract Deadline: July 1, 1983 

Invited and contributed papers 
Topics 

* theory of Reconnection 

• Computer Models of Reconnection 

• Reconnection in Earth's Magnetotali 

• Reconnection at Earth's 
•'tagnetopauae 

# Pb^ 111601100 10 Laborator V 

* oui 0nnectlon ,n Astronomical 
Objects 

Contact: 

2ivvl i? eetln a 8: 

Rorida Avenue, N.W. 
Washington, D.C. 20009 

2?5 462 -6903 D.C. area 
free 800-424-2488 

iM3 PUb " Shed E0S ' 


th ^P«» h*Te a significant oompreailonil oceporenL. 
in* third ia a pore traasvaraa inva In th* nxlaithsl 
oaoponsat. Tha pur* Lrenavera* wavaa ara quite rare, 
utile th* ooapresalcBiI wives oeour daring afoast arory 
auba tor*. In general, ir the aatsULt* la ln tha Iooal 
time s so for 19-oj LT, a PI 2 burat eoetapanlea a*ary 
ona«t. ta addition, enests at th* satellite ara 
associated with ground PL 2 burst a. Tha peak 
Heurranoa tima of tha ultima PI 2 la 21DD IT. In 
oxaal nation or ?1 2 poiarliatlon at Lha astallUe 
Buggaala that a poiarliatlon reversal Maura arouixi 
midnight during quiet aapieLlo oondlt leu Ifo & j») 
laft-haaded pramldnlghl end right-handed poataldnlghL. 
Thle remit ia simitar to that obtained rrem ground- 
baead alodlea at Btitloni aqua forward of Lha auroral 
aliotrojat, Tha initial perturbatloo ln tha axlnnthal 
ooapenent or n Pi 2 event it in the axms asnM aa the 
perturbatlona eauaed by aubslorm-aassointad, rield- 
alignad ourrants, positive (eastward} prasldnlght, 
nagitlva (weatwxrd) postmldnlgbt. Thia ohaarvatlu 
Indio a Lea that thire nay be a vary eloss xjsoolatloo 
batvean thalr caveat I vs Hohanisma, 

J. Geophya. Rea., Blue, Paper 3AOB47 

578b Havo Propagation 

0CCUSREHCE PROPERTIES OF DUCTED VH15TLE£-MQDE EIGNALS 
FROM THE NEW VLF TRABBHITTER AT 9IPLE STATION. 

ANTARCTICA 

D. L. Carpsncsr (Spare, TalecaBunteaclona and Radlo- 
ac lance Lab, Stanford University, Stanford, CA 94105), 

Z, T. Baa 

A new VLF transmitter called Jupiter vas Installed at 
Slple Station, Antarctic ft. - *.]) in iqyg, A study 
hid been made of chs occurrence properties of oifoeLo- 
spherlc signals fr«j the crannlctar detected at rhe 
coDjugita station, Soberval, Canada and ln rhe evo-hop 
■sods at Slple In 1980, The diurnal variation of the 
signals exhibited tbs previously noted uajot activity 
peak near dswn and a secondary peak near dusk. Tha 
foixier Is bsliovad to ba due to a corresponding peak In 
resonant particle f hues within the outer plaeaxBpbere, 
and the tartar to destabilisation of energetic particle! 
that locally penetrated tha evening bulge of the plsena- 
sphere. The propagation pa tha followed hy tba terror 
defined 2-4 Mix Slple signals hid oquacorlal radii ln 
the range 4 < L < 4.75. Th Le region maps ut IQ!) ka 
altitude ta ■ north-south range of approximately 1150 
km, centered on tha latitude or Sipia. The easi-neat 
range la believed to have been oT comparable alio. This 
concentration of signal path* le attributed to tha ef- 
fects uf an inJecti-d-UBva power threshold for rest tem- 
poral wav* growth ln the magnetosphere, combined with 
spatial variation in lonoephorlc Illumination by tha 
erenmaltrar. Also laportant was a concentration of 
open tor-sol acted transmitter frequencies bnleu 4 Mix, 
which poraittod ductsd propagation (i.e., f « fKeq/2, 
where (g,- te tho equatorial gyro frequency) along 
flsld llnds uhoao ionospheric projections were nearly 
overhead sr -ICO km altlrude. Tha data aro consistent 
with the existence ef ■ relatively narrow north-south 
separation of -100 km or Ires between chs Ionospheric 
point of wave Injecriun and the field lines of the duct 
Itself. The Slple transmitter has been able to Indues 
magnstospherlc wave growth and triggered amissions over 
tha nags 0.2 » f/fgeq • 0.5. These remits differ 
from the reported concentration at f(f|joq " 9.5 of 
dleerete-emlieian triggering by whistlers and hy ransln 
VLF transmit tars. Enhanced Sipia signal activity at 
ground net lone has resulted from incroosoe In trans- 
mitter power, s notable change from 1978 Co 1480 being 
in the 2-3 Mix range, where Juplcar realised Us largest 
(-10 dB) power advantage over Zeus. (VLF wave Injection, 
coherent wav* growth). 

J. Goophya. Raa,, Blue, Paper )A'3tB8 


5780 Hive propagation 

OBSERVATIONAL EVIDENCE OF Z AND L-0 MODE HAVES AS THE 
ORIGIN OF AURORAL KIL0HETR1C RADIATION FROM THE JIUFEN 
(EX0S-B) SATELLITE 

H. Gy a (Geophysical Institute, Tohoku University. Sendai 
980. JAPAN), A. Morloka 

The OiHlen qatelUte which had in inUial paiiqee and 
apogee of J50 in and 30,050 km, rupee lively, and an or- 
bit Inclination of -31*. pesaed through critical regions, 
where auroral Lllomtrlc radiation (AKA) spectra were ob- 
tained on at lead five occasion? during a parlcd from 
January 31, 1979. to June 2), I960. On all or these oc- 
casions, th* AkR spectra reveal cutoff phanasena at the 
loci) Z-cutoff frequency, indicating a continuation of 
the spectra from the high frequency aide down to the Z 
rode wave frequency range and crossing over the local X- 
cutoff frequency rather than being cutoff at that fre- 
quency. Thu? when the observation? are Fade near ihe 
low latitude portion of the source region, the AIR waves 
generate spectra that continuously cover Lha frequency 
range corresponding to Z-nqde and L-0 rode wav*?. He 
argue that the nut plausible mechanism that give? a con 
sistent Interpretation to this spectra) characteristics 
is the mods conversion theory. In othtr words, the 
plasma waves that ire generated In the hybrid mode in the 
source regions are converted into the Z-aode waves that 
propagate toward dense plasma regions where th* wave 
Frequency coincides with the local plasms frequency and 
where part oF their energy Is transferred to waves or 
the L-b mode that can escape towards outer apace. By 
use of the propagation characteristics of Z-mode vivas, 
this conversion mechanism also gives a s»l f- eons Is tent 
Interpretation of previously presented evidence reported 
as the cutoff of AKR near tne local electron cyclotron 
Frequency. There Is no conflict batween the conversion 
mechanism for AKR generation and Lha previous polariza- 
tion observations carried out by the Voyager space- 
crafts, because of a passible ambiguity in the location 
or the source region. (Avrora I fcllcnetrlc radiation, 
satellite observation, node conversion, L-0 mode). 

J. Gacphva. Rei., Blu*. Papar 3A0586 


5799 Flasni Motion {Expansion info vacuum] 

THE EXPANSION OF A PLASMA INTO A VACUIH - BASIC 
PHEK0NEUA AIID PROCESSES AND APPLICATIONS TO SPACE 
PLASMA PHYSICS 

Uri Sxnlr (Ssslar HRC AsiaeiaLa, NA3A/H5FC, on 
ltava rreo tha Dspartaent of Osaphyxica ind 
Planetary Balance, 7»1-Aviv University, Israel, 
and Spina Scieno* Laboratory, University of 
HJehigan, Ann Arbor. K7 ABI09) K. H. Hrlght, Jr., 
and H. H. atom 

In this paper vi call attention to biaie 
ph« nouns and phyiioil prooassn involved in the 
expansion Of a Plains Into a vaouun, or thi 
expansion of ■ ptaims into ■ marl tenuous plaml 
ln pirtloulnr, tha fast that upon th* explosion, 

Iona ora aooaleratad »d rasqh anarglis vail above 
their thtrnal enarlp. Also, ln tht prooau af Lha 
■x plosion a rarafootlon wove propigatas foLo tha 
■abiant pjilmi, an ion front moves Into tha 
ai pans Ion volume, md dlso^tinuLtlaa in plosai 
parasatara oaoiir, V* disc ins tha phyaleal 
prooassaa which oause th* above phanoatna and 
paint towards their posslbl! application for tha 
east or tbs distribution of lens and elaotrona 
(hanoe, plasma potential and tltoLrla flaldn) In 
tho waka region behind artiriolal and natural 
obstsolaa moving oupcraonioally Id a rarefied 
spec* plasm. To Ulustrata this, in-situ 

raaulta are ra-axsalnad. DirAntions for futura 
work in thia area via tha utilisation of the Spar* 
Shuttle and laboratory work ara also mmtlanid. 

Raw. Geophya. Space Phy* .,. Papar 3RD8A6 

Physical Properties of 
Rocks 

6U0 elasticity, frattura and flow 

SURFACE D8FORHATIOI ASSOCIATED WITH A DIPPING 

BYDSOTSACTURB ^ , 

P. H. Davis (Batch and Space Bclaacaa DapsrlBaat, 
University of California, foe AEgalas, California 900*4) 

Cruetal dafonucloo saioolatad with hydro! raotora ia 
modillsd by a dipping ractangalir dUioCBtfon beneath 
tba aarfaea of an alsstfc hslf-apoea. Tha Kirgar a 
vac tor la C*k« ooraaL fo tha r.ttMgl* -urfora. 
Analytical axpraiataua for vaitleal dieplacemeot* art 
obelised from Integration af Vo Harrs'* aquation ualng 
Kindlin' a point force aolutlms far tha oUstla . 
half-syBcBi TO tha limit* of 0« sad 9D* dip, tha 
remits agraa with tbpsa obtainad by Karayam* 09M) 
for FoIsboo'b ratio 0.25. Ezpresatane for arbitrary 
Pol iron's ratio art givan. For afongata die lot It lone 
th* duplaoamqt ««id agrarn with corvaa glvm by. 
FoUard and Hotabauaa* (1979) fox 
mar surfaca fraoturax at varfoos dlpa- 
a daap squire dislocation giva* Ir 1 

tlBguiohahla froa thaaa of Bon ■ (1969) modal of a . 
horiiontoL. pansy shaped araek hmapth (ha aarfaea Of 
an ■ last lo half-apxo*. Mod(fytag Ub raaulta fqr 
ahsllow depth* ahow that they eorraapond to e 
dlalocatloo of aaml-oUipridal eroaa-.acHon wlrt th* 

. surfaca dlBmlahamnt flqld sayaptotlqaily appro* thing 


Similarly the surfaca dixplscamsst liola ot rna sqaara 
<ppn»idiu cfaic of its ricEKD^uldr cross- 
sect las. Nonlinear invars! one of surfaca LIU flsld* , 
sseaclstad with hydvof rsetura of deep baroholes, 1(1 vet, 
esttnetas af fracture gesnetry, pot Lt Ion nnd orlaata- 
lion slong with thalr uneartalotlBe. Tun axosplae 
ore prseintcd, one of x alir borlxmiLol and ona of a 
aaat vertical fcactura. Idtalocal Ion. dsfonutlnn, 
bydro Traduce! 

J. Gaaphyx. Psa., Had, Paper 1M5BJ 


6110 Rlaarlcity, (racturs, end Mm 

HYSTEU811 LN TNI nflBUB OF A NOMINALLY FLAT 

mac 

C. H. Scholl (Lemnr-flohirt? Oealnglcel Obeav- 
Vatory and Department or Caalogicsl kiancee of 
coluabia University, Falleadie. Has Vnrk 10964), 
8. HI drain 

It 1* ahum that when two naainelly flat rock 
■urfacae are placid togathar and aubjaetad to a 
norail load, that the rsnulting cloaura claail; 
folloua | cenet Ilultlva law predicted by thanry. 
Howxver, whet ie nnl predicted hy theory is that 
tha conatltuit ivx lea exhibits hystaraale. The 
hyatarisli is evidently produced by friction on 
parte or tha eurfeca ahari the contact le oblique 
to tba load. This behavior, which should ba 
Ihxrad by Joint* and other fracture* In the upper 
part or the cruet, auggaete that Ihe elastic pro- 
partiae of the near xurfaca pxrte of tha earth 
aay be for aora eaaplex than prsvionily thought. 
(Cracks, etliouiLion, elasticity), 

J. Goophye. Raa., Had, Papar 1B0B1 I 
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6518 (Atnogpharaa of Planata) 

PHOTOCHEMICAL REACTIONS OP WATER AND CARBON 
MONOXIDE IN EARTH'S PRIMITIVE ATMOSPHERE 
S. Chang (ExtratarcaaCrlal Re** arch Division, 
NASA Ames Rasas rob Center, Moffatt FI aid, 
California 94035) and A. Bar-Nun i 

Tho gan-phas! photolysL* of H,0 at 1849 A Ln 
tho prasenna of CO ylaldn mdlnl? CO, nnd H, 
and a uartaty of organic aonpoundn, Including 
C.-C, hydrocarbons, alcohols, aldahydas, aao- 
tdne, and aootlc acid. Tho ovsral) quonLun 
yield for conversion of CO to organic 
compounds varies bo two an 8.23 and 0.03 aa a 
function of tho CO abundance. These results 
indicate that even If pi ial tlva' Earth's 
ataonphara Initially aontslnad no molecular 
hydrogen and contained carbon only In the Ears 
of CO or a mixture of CD and CO., tho 
probiotic environment would have became 
enriched with a variety ut organic compounds 
producod by photochemical processes, 

J. Geophya . Rea., Oieea, Paper 110442 

6U0 Otoe* picperiLei of pLeaatx (coord Inane ol na- 
tural) 

THE CONTROL NETWORKS OF TEIUTS AND DIME 
Marion E. Davlae and Frank Y. I* layara (The Rand Corpo- 
ration. Santa ibolca, Ca W406I 

Control natwrke oi Saturnian aotol I Itee of Techva and 
[■lotto hevo been oitabli shod phologrataetrirally imn 
ptrruree rakea by the Ih> Voyager apoeecraft during 
thalr flybys. Goordlnatua of 111) points on Tathva nnd 
1 2t, poiote on Diono aro I land; aolcoLoJ points nro 
identified on U.S. Geological Survey ruj'* uf IM aatel- 
lltas and uny arc Idanclfled bv nano . Kunira»nte of 
Choao point! wire rads on 6 picture! r tom Voyager I and 
21 (tea Voyage r 2 lot Tathva on-1 on 27 pictures Imn 
Voyager I and I frae Voyagor 2 [or Diono. The longitude 
avaiBu on the aatoll ilea have bean defined by entire 
on Lhalr surf Bren. The naan radii hnva been dciemined 
as 524 : S ta lor Tallin and 554 T 5 In for [Mono. 

(Sat oil It r radii, ccrJInair a-.ntErai. 

J, Coophye. Pea., Fed, Paper 3IA5A8 


nMO '.roil pr.-pcri ol planets iHxdlo - Aatrcnoayl 
KNAIIIC SPICTRl'H Ilf SATURN KILOttlRIC RADIATION 
F. Godov* (DA50P. vbaorvatoiro Je tUudon, F 92195 
iitudon Principal CeJuc Franca), B.K. Fadoraxn and A. 
IkkIhi. 

Pynaalc epactro ol Saturn kiicootric radiation ISkR> 
obtained by the Vovagor Nanaiai) Radio Aatroocay a<- 
p»rl--n nr, l.ccn tfjr.-linJ for vjriatiop" at a t lire 
t'.ai, I ny. r n. *n '.i.at ot it* aic* ' ibout onv nour). 

Ibo Linda uf ap i iodic changes ol Lha shape of I be dy- 
namic lpvciran can bo diet Lpgulehnd : ona Is ao overall 
long term change, lasting for oaa or several Saturn 
rotation! | the other la a codification of the dvalcic 
ipacLrua fros ono rotation to tha other, in rhe aub- 
■olor longitude ranga iron shout 270* ro abciL b0*. 

Both corral pond to a change in tha ihipe of tha iaten- 
lity • poet run. Thi long term variation probably can- 
talua th! so -called "Diono-gapi", xogechar with alni- 
lar and Boaetlcaa nuch longer events . Tho already dis- 
covered iufluenco of aLrnng aolar wind activity cor- 
respond! to Incrcaaea of the overage hit anally leva! 
of the anlaa ion, but not to changes in tbs ahapa af 
Ice epectrun. Bath kind of episodic cpcctrel nria- 
tione ara usual ly obaervad in "quiet" condition, in 
particular whan Saturn enters Jupiter's ntgnatic tall. 
Thaaa rhangei of the SFR epee true are caspared to 
thoee already obienad in tha terraatrial biloreiric 
radiation. They ewid ba due to coop lax propagation 
effect l, tenpnrary nadif Icet inna of lha ealeeion beam 
or chenges in che eource altitude (Saturn rad in- 
ert eel on, epaetra) var let lone) . 

J, Geophya. B*l., BLua, Papar 3AU585 
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1979 BDHB9TIAD VALLEY RABTBQU1R1 SEQUENCE, CALlFOUUt 
CONTROL 07 AFTEBBBOBS AND MSTSBIBlilC DYTOTKCTIOH 
E. 8. Btaia and M. Lliavakl (D.9. Gening in* I Surrey, 
Mania Fart, Callfonil* 94025) 

Tha caeolaalc slip and geoaetry of tha 15 March 1979 
Boaeetaad V allay, California, earthquake aequance at* 
will coaatralnad fay prncle* borleontsl and nrtlcal 
g*odeLIo abearvacioBSi boI by data from a dens* local 
aslsalc artwork. Thus observation* iadlcsts C.32+.10 b 
of rl|ht-latanl slip xnd o;i».M ■ of nvatlB *Up oe 
s boried vertical 6-km-loag aad S-to-dsap fault and 

yield a oaso static itfesa drop of 7. 1*1.1 NTs. Tbs 
Uniat e hock bad H, - 5.6. Obismtlaoi ar the 
groxod rupture re vox lad up to D.l m ef rig hi- lateral 
■Up an two sapped fanlte tbmt era aubparallal to Cba 
aodotad aalralo slip ptana. la the 1.9 years lira* Lbs 
■ertbiaakas, geodetic network dlsplacsaentl lodUsti 
that an sddltioosl 60*10 ma of postealaeie ersap toek 
place, Tba rats af pause lisle efcier strata (0.5H.U 
pesd/yr) asssorad within * 30 * 30-ta network centered 
an tha prlnaipil amts was onaaSlMlly Ugb caoparod 
to Its praaartbquika vela, and tha poatialsata rata Id 
tba sdjxesnt network. Thia transient cannot bo 
explained by poitsaleale ellp oa tba selemic fault but 
rather India* tea that brood so el* release of strain 
follouad tba eerthqiuk* isqoucs. 

Vi have calculated the posttsrthqoxks (trasa (laid 
eaut«d by tha aodalod oosalsaia slip. V* asstras that 
failure li promoted whoa thi iua of the ehear atrata 
plus 0,75 tlaas tbs (eult-openlng striae lucre*** a. 
Hoet eftershook* ontoao trace at point* vhaH tha 
strsasss sra. absncsd by 0,3 NFa (1 bars) *r B9To| 

aft* re book* st« n*i(ly absent where poeteerthquik* 
scnsiss dearaase by O.l-O.S NF«. Isolated off-fnlt 
clusters of aft era hacks that leant* at ana fault length 
Iron th* nature plea* ara axplsineblS by tkl* bypotfc- 
asli. Ha find that ground, raptata and. poite*UM< «"Q 
tela ptasa whan naSi-ourfoea atnssai . sra calculated 
te fncraasa wlthta tha piaaxldtlag fsolt UOU. Petehae 
that extend A ba froa bath soda ef Cba mikalo fault 
exhibited neither of Lira hocks Mr asanrabla psitsstaaio 
arm- Th* siHltlrity af sltprabooha. sod iraind 
r*tara to ehangao .ta xtra*S that ara )*xe than If af 
tha asrthqaaka stnss drop daaaaatr'atas that tba raffoa 
around tha aartfaqaakae Hi .wltblp ■ (»» paibdnt of dta 
fallnra chnihbld tafdro th* aata a hooka. Tb* Fjv 

earthquake atraai field sad tba atx#aa nqalrad tar 

Tellur* aust. also hara.baao easily uniform. 

(prtsarthquak* . atrada, xelirtc ellp, ■ B*od»tlo 

aae en meat) 

j. Geophya, Baa,, Rad, Papar 310692 

6970' St run tur* of the Crust and Upper Man llr ■ 

IEISH1C 1 HAG 1 80 OF THE RLHRTQN GRANITE, INNER FlRWOVf, 
CanMIA, USING cocoa? SHpBEU AFFALACDIAN DATA 

Donee H. tardy (Deptttaeni or Oaolollnal leiedtra. 
Hbribvtitarn Univaraliy, BvanAwn, Illinois 60«)1), sad 

^Seleaia Imaglnf ol the El'harIM Irani ta U the Genrgle 
inner Piedmont via undertaken to define. lta ahap*. and 
to dataralna it. relatfoa is i>« aoMbarn Appjlaehiao 
thrust, tha recent Contottluv Jor Continental Ralltc- . 
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lion Pioflllng (COKlfi lines In th« acuihtm Apyjlwchi- 
ene avggaai a rjfor thrusting cl a cryatalllne block 
■war *1610*010, although the *n*nt al this ihruat la 
eubjrct to Interpret at loa. Th* Mne-gra; n»d flleiton, 

of lata Devonian ago, le the only m Jor pluton cluerd 
by th* aalamlc criwnr, and le m u«n-d*flnad on tha 
wimlgraiad C«s;ca Daplh Point ICDP) aelialc aacllon. 
Hlgrailon bp baaa-foralflg raweele conalderebla variation 
ID the direction of rriuraing signal, end provide* a 

clearer image ot th* luiutei rrflac Ilona, ubiquitous 

lo the acultiarn AppiUchlana, that have been Inlerpratad 
aa the equivalent! of ihe Valley and Nldga udiente 
beneath en al Kcbthcnous aheot . lha uppir 3 ta porrloo* 
of th* nlgrated and CDP BBcrtona lack aventa, probably 
bacauaa of (he neewaeary alrLpping Imule) of a larga- 
aopIlLuda, early arrival froa Lha erleeic records 
bafora further prcreaatng. FI 1 taring, and rtioafnros- 
tlou of cba data lo the Interctpi-alowneii dnjin lo 
ellmlnata tfcda Interfering arrival are attaopiad lo 
enhance tha upper portion at tb* eel me see Ilona. 
Although rtiaaa approach* a do not give a ccnaleianl 
picture of the shallow sactloa, a pattern cl scattetar* 
located at daptha of 3-3.5 km coergeai thaaa aay corral- 
ala with (ba beat or the lotraalva body. This Identifi- 
cation of tha granite baae, a) eng vlifa tha presence af 
tfae throat -rata tad rellactora benealh the pinion, 
suggest* a pTe-Ihruat anplacasaot ef the grant ta. 
Bnwavar. tectonic Interpret a tloaa of (be Isner Flodmonl 
based on the llbarlon granlta ara uvaraly 1 lulled by 
■aacaptlonai that th* pLuion age rcrraapnnde to tima of 
csollcg, that tbr pluton la not fad by a narrow (aala- 
nlcally elusive) fodder, and (bat Ih* thrust baa not 
been raanilvslad after emplacement at tha Intrusive 
body. If all Ibaaa on sumption* hold, than Ih* La?a 
Devonian age of (ha granite ia tha sirlioal posalhl* 
tla* of rhrui ting. (Giber ton gxanllt, Appalaebiana, 
etlaalc Imaging). 

J. Oaophya, Raa., Bod, Papar 3B0678 

Solar Physics, Astrophysics^ 
and Astronomy 

776(1 Radio Astronomy 

m SOURCE LOCATION OF CUMIN TOY I AN DEODKETRIC 
P1DIO DU IS EON 5 

V. Calvert (rapt, of Phyalca and Aatroany, Tha 
Univaraliy ol Iowa, laws City. IA 52247) 

Bam evidence supporting tbt ridaiy-accapbni 
coxt.pt that certain ml the Jovian dacsaetrlc radio 
wane arlgluta aa ewibatp-haaiaphara aztra- 
ordli»ry-mod* ejelottao and eelnix (possibly from 
th* To flux l*ta) hao loan foood. ip lb* Voyager - 
radio obaeryatloni. Shortly after tht oloaaat pp- 
anxeh ta Jupiter, tha eaeva ' algMla cacaived by 
Voyaxar 1 near 10 Wl oxhlliUqd cusp* In tba fringe 
pattern Which [a attributed to faradpy rotatiea In 
th* Tq plasm* torut. Hia dlrtnfphrd fsrxdey WU- 
ticn led I cat «d by tint* ™n« M}“ th*t the wart 
path had bacoaa p*rp*ndlcul«( to tha ma goalie (laid 
la tha tarua.' Al Marly tha sasa time, th* nka 
' • paler laatioo near l MR* {wfatt# faradey rotation la 
abaanO onhltaltod a anddea rfMml o* -Ik* coiallob 
aaaaa. lodlcstieg that tba vevn path for lkt " **■“- 
ntadu had alio kenl p*rp*ndlp*tar B Ih M|- 
. patle Maid at chs ■ lp*e**f*fl. for tkaa* two 
aventa, it .ml pokkibla to project the wnv# part* 
bank toward Juplfor dad dtlaralnq W 
whtrd the m vaa, oclgl anted. '.It «t tow ««* *"■ . 

, wan* ' earn*, (roa thi dorth|r n b*»iephrr», it y*»r 
araesAvply lover altltodo* with InersaitaE rrajoao- 
n. end, IF thp koarc*;Li usnwd *9 h* aa*o*Ut*d 
with anL* A field Use, tba tem|«l«* *#•*( » 
hen occurred a**r the aowrte cfclotrxm tceqnnwy 
■oalutaara In loqal aldeight etewr. Thia 
. that the adores could 8* at th* lo flu* tub*, *l«* 
tome, thou *l*o Mat local aldolght. Slat* W'. 
potarisatlom rotation M°*e ve* *ppac*otly rlgbi- 
bandad elth r* a pact ta tha tawrea magnatie field, 

. the emitted wart rtd* aiit hart team oxtraardltury. 

rut lha m re, la order for the torpa M prodaes a 
daurtabta faradey rotation, thp *mltt,ad an* po- .. 
lari eat ie* mat be** 1 baan eubatrttfqlly ape- 
• circular aad that would Mould* a low pldsak deaal- • 
ly pur • chH MU/c«i «pjch tilt tb*t vbich occur# . 
with auroral (UioeatrU radlatfoo ht th* forth. 

■ (Janitor, UAH foliiiene, Faraday RotstLaoi Ie pldd- 

na torus) 1 

s ’ J. Geophya. foe., )l«t, fopar ,3AJl6)* 





